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ABSTRACT 
An Economic Analysis of Predation Control 
and Predatory Sheep Losses in 
Southwestern Utah 
by 
R. Garth Taylor, Master of Science 
Utah State University, 1977 
Major Professor: Dr. John P. Workman 
Department: Range Science 
To provide accurate data concerning sheep losses resulting from 
predation, a verification study of sheep predation was initiated in 
March 1972 in the Cedar City area of Utah. In cooperation with the 
Cedar City Wool Growers Association and Southern Utah State College 
Experimental Farm, ten sheep ranches were chosen as sample operations, 
forming the data base for the initial phase of the study (1972-1974). 
Cooperating ranchers were asked to promptly report all sheep car-
casses or injured sheep, so that an examination could immediately be 
made to ascertain the cause of death or injury. Daily horseback 
searches were also conducted on the spring and summer ranges. Every 
located sheep carcass was examined to determine cause of death. If a 
predator was responsible, the kill was photographed and location, date, 
species of predator and age class of carcass was recorded. Coyotes 
were the principal predator inflicting 89 to 100 percent of the kills. 
Lambs were the principal age class of predator kills. 
The number of sheep carcasses found and verified as predator kills 
and natural losses was substantially less than the total number lost. 
Therefore t a proportion used to estimate the total predation rate. The 
average predation rate was 5.9 percent expressed as a percent of lamb 
crop. In the final year of the study (1975) three herds were chosen and 
research efforts were intensified and the validity of the statistical 
inference was confirmed. 
An estimated total predation loss of 3028 lambs was incurred by 
herds 1-10 in 1972 to 1974. In 1975, 158 lambs were destroyed by pred-
ators in herds 1, 3 and 5. These losses were valued at $89,347. 
Assuming the sample predation rate is representative of predation 
losses throughout Utah, the state-wide lamb loss to predators was cal-
culated to be 127,521 lambs, representing a direct income loss to the 
Utah sheep industry of $3,622,061. The indirect or multiplier losses 
represented an additional $10,072,911 loss to the state economy. 
Two models were developed. The first, a cost model, illustrated 
the nature of the costs of coyote predation, their effects upon the 
rancher and several approaches to profit maximization with and without 
coyote predation. The second model approached predation economics from 
a biological standpoint to identify research needs for future inquiries 
into predation economics. The relationships between coyote population 
dynamics, coyote control and predatory sheep losses were discussed, 
leading to the formulation of an economic production function model. 
The model provides a conceptual framework to determine the effective-
ness and optimum rate of predator control efforts. 
Significance and statement of 
problem 
INTRODUCTION 
Utah's sheep industry has been declining since 1931. In recent 
years the trend has accelerated. The Utah State Department of Agri-
culture's 1974 inventory of stock sheep numbers showed a 12 percent 
decrease from 1973's inventorYt a sharp contrast to an average 4 per-
cent yearly decrease in stock sheep numbers in the previous decade t 
1960 to 1970. The decline of the industry can be attributed to several 
causes: (1) grazing allotment reductions on Fed3ral lands t (2) de-
creased demand for wool and lambs resulting in low prices for these 
products, (3) lack of adequate lamb and wool markets, (4) difficulties 
obtaining reliable 1abor t (5) increased production costs, and finally 
(6) sheep losses due to predation (Goodsell, 1971; Early et al., 1974). 
This trend has to be reversed if the sheep industry is to be stabilized 
and become a viable contributor to Utah's economy. 
The magnitude of predation losses in the sheep industry is the sub-
ject of widely divergent views between stockmen and environmental 
groups. The environmental groups believe that stockmen distort losses 
to solicit additional predator control funds, while stockmen point to 
the possibility of increased losses and financial ruin as a result of 
the 1972 Presidential ban on toxicants. Thus accurate determination of 
sheep losses due to predation is essential before any meaningful eco-
nomic assessment of such losses can be made or for the effectiveness 
of any predator control program to be evaluated. 
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If the coyote predation problem were simply a problem of ridding 
the sheep industry of a very damaging natural predator, then the problem 
of coyote control would be a purely biological question--research to 
discover inexpensive methods to exterminate the species Canis Zantras or 
to minimize the destruction caused by this predator. The current methods 
of coyote control, particularly those permitted by law, are expensive 
and often times ineffectual in reducing depredation losses. Also, the 
issue is complicated by opposing desires of stockmen and environmental 
groups. Environmental concerns are promoting the esthetic, recreational, 
and ecological values associated with a viable predator population, while 
the agricultural interests lay in increasing profits in the sheep indus-
try by effective and economical predator control. When opposing social 
forces vie for a scarce resource to satisfy alternative ends, the funda-
mental problems of an economic system emerge. What goods are to be 
produced, sheep or coyotes? How must the available resources and tech-
nology be allocated and organized to achieve these ends? But, before a 
knowledgeable public policy can be made concerning predators and the 
sheep industry many of the basic relationships between predator popu-
lations, predator control and sheep depredation losses will have to be 
more fully understood. 
Purpose and objectives 
Since the subject of depredation losses has always been contro-
versial it follows that evaluation of the economic impact of those 
losses has also often lacked credibility. Evanson (1967) adds to this 
idea by stating, "The most important premise upon which predator control 
3 
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is based is economic welfare. Most biologists agree that some predator 
control is necessary in sheep-raising areas, but criticisms have been 
leveled at the amount, the methods, the supervision, and costs." These 
criticisms deserve responses that are both ecologically and economically 
sound. To date economic analysis of depredation losses have been 
limited to the assessment of economic losses to the firm and the region. 
The data on sheep losses collected in southwestern Utah provides the 
opportunity to assess individual and regional income losses resulting 
from predation, and also provides the conceptual framework to evaluate 
the costs of predation and evaluate the efficiency of predator control 
programs. 
In an attempt to assess the economic impact of predation and provide 
an economic evaluation of predation losses and predation control the 
following objectives are proposed: 
1. To formulate reliable estimates of total predation losses 
from the observed losses. 
2. To determine the values of predation sheep losses, to the 
rancher and state. 
3. To model the costs of predation and the economic optimum rate 
of predator control in context of the biological constraints 
and impacts on predator populations. 
REVIEW OF LITERATURE 
We have some good information on food habits. We have 
little information on the amount of economically valuable 
material taken by rodents and predators. We scarcely have 
any real evaluation in a quantitative or monetary sense of 
the damage done, particularly by predators. Those facts are 
still to be obtained and we cannot view this matter entirely 
in an objective manner simply because we do not have such infor-
mation at the present time. (Storer, 1948, p. 591) 
Biological Aspects 
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A study in economics of predatory mammals is inseparably connected 
with the biological aspects of those predators and their prey. Despite 
the repeated appeals for research on the subject, the questions in both 
the biological and economical aspects of this urgent problem remain 
unanswered. 
Magnitude of predatory sheep losses 
When examining the many recent studies which have been conducted 
to determine the magnitude of predator loss in sheep, particular atten-
tion was given to: (1) how carefully the study was administered and 
whether the study was of the verification or survey type, (2) the years 
in which the data were gathered, (3) the region or area for which the 
results are applicable, (4) the representativeness of the results, by 
comparing the predation rate with similar studies, and (5) the data base 
upon which this rate of predation was computed. A summary of pertinent 
information in those studies reviewed is in Table 1. 
Table 1. A summary of studies of predatory sheep losses from the Literature Review 
Source of Data 
Rosko 
Neilsen and Curle 
Early 
Wyoming Crop and 
Livestock 
Reporting Service 
Reynolds and 
Nesse 
Shelton 
Henne 
Evanson 
U.S.F.S. 
Year 
compiled 
1948 
1968 
1970-71 
1972-73 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1966-1968 
1974 
1967-1971 
1974 
? 
1940-1960 
Region in which 
data was compiled 
Cedar City. Utah 
Utah 
Idaho 
Wyoming 
Wyo., Tex., Mont., 
Colo. 
Glenn County, calif. 
Texas Agr. Exp. Sta. 
Montana ranch 
nationwide 
Ariz., N.M., Colo., 
Utah, Wyo., Mont., 
Ida., ~ev. 
Loss 
0.29% veri-
fied loss 
61 ewes and 
lambs 
40 lambs 
26 ewes 
38 lambs 
28 ewes 
4.73% 
6.72% 
7.17% 
6.67% 
7.42% 
9.26% 
11.52% 
5.3% 
0.50% 
1. 88% to 3.99% 
21.4% 
1% 
0.5% to 3.0% 
Base on which losses were 
measured 
Per 64,000 sheep under study 
all classes of sheep included 
per 1000 head of ewes and 
lambs 
per 1000 head of lambs 
per 1000 head of ewes 
per the total number of stock 
sheep in Wyoming in each 
respective year 
number of sheep inventoried 
in that respective state 
in each year 
the total number of sheep on 
seven sample ranches 
the total sheep inventory at 
the Agr. Exp. Stat. 
the total sheep inventory in 
that sample herd 
annual increase in sheep numbers 
total number of sheep grazed 
on National Forest lands during 
the summer grazing season 
V1 
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Studies in Utah. As Storer points out the quantitative facts of 
predator losses, germane to any argument concerning predation have been 
lacking. With one exception the void concerning the magnitude of sheep 
losses to predation has only recently concerned researchers. That ex-
ception is a special Utah Experiment Station report complied by Rosko 
(1948) to determine sheep losses on the summer sheep ranges of Iron 
County, Utah. This study has special significance because it was the 
first study recorded where an attempt was made by the researchers to 
verify a majority of the sheep losses but more importantly because 
the ranges considered by Rosko included the area studied by Bowns, 
whose data are used in this thesis. Rosko verified 192 sheep killed by 
predators during the summer (June 1 to October 10) of 1947. All but 
six sheep were killed by coyotes. These 192 verified predator kills 
represented a 0.29 percent loss of the thirty sh~ep herds under study, 
approximately 64,000 head of sheep. No estimate was made of the total 
predation losses. 
It was not until 1969 that sheep predation losses were again 
assessed by researchers in Utah. Curle (1970) and Neilsen and Curle 
(1970) estimated sheep predation losses to determine the economic impact 
of predation losses upon the state of Utah. The losses were estimated 
by survey of 20 percent of the range-sheep oeprators in Utah. This 
survey was carefully constructed to minimize reporting bias and the 
data were gathered through a personal interview of the sample ranchers. 
The survey results showed that 61 sheep and lambs were destroyed per 
1,000 head of ewes and 78 percent of the predatory losses were attribu-
ted to coyotes. 
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Studies in other western states. Outside of Utah more recent 
studies have been compiled. In Idaho, Early et al., (1974a,b,c) has 
undertaken a long term study of predatory losses. Using a survey 
similar to the one constructed by Neilsen and Curle to minimize report 
bias, Early obtained very accurate data on predatory losses. In the 
1970-71 survey predators were estimated to have caused 66 sheep deaths 
per 1000 ewes. The 1972-73 study attributed 28 deaths per 1000 ewes and 
38 deaths per 1000 lambs to predators. In both years, the studies 
reported that coyotes were the most devastating predator. Coyotes 
caused 67 percent of the ewe and 78 percent of the lamb predatory 
losses in 1970-71 and 80 percent of the ewe and 84 percent of the lamb 
predator losses in 1972-73. 
In Wyoming sheep and lamb losses have been tabulated yearly since 
1968 (Wyoming Crop and Livestock Reporting Service, 1974 and 1975). 
The survey tabulated the total sheep and lamb losses into three cate-
gories: predators, all other causes and unknown causes. The category 
of predation loss was further divided into the number of sheep des-
troyed by each species of predator, coyote predation being the most 
prevalent. The number of sheep and lamb destroyed by predators has 
increased continually since 1968 due to an increase in coyote predation. 
In 1968 the percentage of sheep and lambs destroyed by predators was 
4.73 percent of the total number of stock sheep raised in Wyoming in 
that year, in 1974 that rate had risen to 11.52 percent. 
Reynolds and Gustad (1971) compiled and analyzed data from surveys 
conducted by the Statistical Report Service in Wyoming, Montana, Colo-
rado, and Texas. In conducting the survey, a random group of ranchers 
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were sent questionnaires to gather information on the number of sheep 
deaths they had incurred during that year. The deaths were listed 
according to the various categories of causes. These listings of cause 
of losses and the accompanying surveys were usually more extensive than 
the general types used in Wyoming. The compilation of the surveys 
showed that an average of 5.3 percent of the sheep inventory was lost 
to predation in the four state area for the years 1966 to 1969. 
Several verification studies of predatory losses have been under-
taken in the western states. In the fiscal year 1973 a study was con-
ducted on seven ranches in Glenn County, California (Nesse, 1974). 
Approximately 50 percent of all presumed predator kills were autopsied 
and verified by the researchers. From these sheep verified by the 
researchers as predator kills and those sheep verified by the ranchers, 
it was determined that the average predation rate was 0.50 percent of 
all sheep on those sample ranches during that fiscal year. All but four 
of the predator kills were due to coyotes. 
In another verification study done with the sheep and goat herd 
at the Texas Agricultural Experiment Station (Shelton, 1973), sheep 
losses due to predation were reported varying from 1.88 to 3.99 percent 
of the total sheep inventory for the years 1967 through 1971. The 
majority of this predatory loss was due to coyotes. 
A unique study conducted in Montana was designed to determine the 
causes of mortality of sheep on a ranch without predator control 
(Johnson, 1975). This verification study was meticulously administered, 
there were very few unaccounted for sheep, making the results very 
precise. It was determined that 21.4 percent of the sample herd was 
destroyed by predators, mainly coyotes. 
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National studies. Evanson (1967) arrived at an estimate of 
national sheep losses due to predation through the use of a National 
Wool Growers rough estimate of predatory sheep losses. Then proceeding 
upon the premise that stockmen has purposely upwardly distorted this 
estimate, Forest Service summer grazing allotment head counts were used 
to eliminate this purported bias. The final figure arrived at was that 
less than 9 percent of the "annual increase" in sheep numbers are des-
troyed by predators each year. No specific year was mentioned in which 
these losses occurred. 
Of a more general nature are the sheep grazing allotment counts kept 
by the Forest Serivce. As sheep are relased onto these Forest Service 
summer ranges and as they are taken from National Forest lands, head 
counts are taken. The difference between these two values represents 
the total sheep loss during the summer grazing season. In addition, the 
proportion of sheep destroyed by predators, toxic plants, and all other 
causes is estimated by the individual stockmen. These data are avail-
able from the national forests in Arizona, New Mexico, Colorado, Utah, 
Wyoming, Montana, Idaho and Nevada for the years 1940 to the present. 
Wagner and Pattison (1973) compiled these data to analyze it for 
chronological and regional trends. The losses ranged from 0.5 to 3.0 
percent predatory loss in the states mentioned for the years 1940 to 
1960. Again, this loss was only incurred in the two or three month 
summer grazing season on U.S.F.S. 
10 
Causes of lamb mortality 
At the outset of this study it was recognized that lambs comprise 
a major proportion of the total sheep losses attributed to coyote pre-
dation. Thus in gathering the data it was of paramount importance that 
predator destroyed lambs could be clearly distinguised from other 
causes of lamb mortality. Many of the causes of antural lamb mortality 
were described by Safford and Haversland (1960) from autopsies of lambs 
that died during the first 45 days of the lambing period. In these 
three studies on lambs from a western range herd 23.5 percent of the 
lamb crop died before weaning. Autopsies were performed on 62 percent 
of those lambs that died. The autopsy placed 72.1 percent of the lamb 
losses into five principal categories: (1) pneumonia, (2) starvation, 
(3) no visible lesions, (4) stillbirths, and (5) dysentary. The average 
age of death of those lambs examined was 5.9 days, with 59 percent of 
the lambs dying within the first three daysof life. 
Similar findings of lamb mortality were recorded for an eastern 
farm flock (Venkatachalam et al., 1949). Again the principal causes 
of lamb deaths were listed as (1) pneumonia, (2) premature births, 
(3) weak lambs, (4) stillbirth and, (5) external and internal abnor-
malities. During the two years the study was conducted 28.6 percent of 
the lambs died before reaching two months of age and about 71 percent 
of these lambs died during the first two weeks. Also discussed in the 
study were some of the factors that effected the rate of lamb mortality. 
A higher mortality rate was observed in the larger breeds, in male 
lambs over female lambs and in twins rather than single lambs. 
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A study on lamb mortality was conducted for a twelve-year period 
using the experimental range flock at Cedar City, Utah (Matthews and 
Ogden, 1957). This herd of sheep is also included in the data sample 
in the Bowns study whose data are used in this thesis (Bowns, et al., 
1973a,b and Davenport et al., 1973). Autopsies were made on the dead 
lambs for the first few weeks following birth when most deaths occur. 
The average death loss of lambs during the twelve-year period of study 
was 10.06 percent of all lambs. Listed as common causes of death were 
(1) starvation, (2) unknown causes, (3) abortion, (4) pheumonia, (5) 
birth difficulties, (6) dirt eating, and (7) docking. Nearly one-third 
of all lambs which were lost died during birth or during the first day 
of life. 
Research on the diagnosis of predator caused deaths in lambs was 
scanty prior to the initiation of the Bowns study in 1971. Previous 
to that date much of the research that had been done on diagnosing 
predator kills in sheep was done in Australia where the principal 
predators are foxes, dogs, and crows. Finding a dead lamb that shows 
predator damage does not necessarily confirm that its death was due to 
predation. This can only be determined by a careful postmortem exam-
ination. Dennis (1965, 1969) set forth the following criteria for 
determining if death was due to predation: 
(1) No signs of disease or any other condition that 
could have caused death. (2) No signs of depletion or 
partial depletion of the body fat or energy reserves, 
that is, the body fat, particularly that visible around 
the heart and kidneys must be abundant, firm and whitish 
in color, not reduced in amount, soft and gelatinous and 
red in color. (3) signs of walking and usually of sucking 
and (4) signs of hemorrhage around the areas of attack. 
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Even though the predator species encountered in Australia differ from 
those in the western states, and the characteristics of attack differ, 
the criteria remain the same. 
Economic Aspects 
Valuation of depredation losses 
There have been almost as many estimates of the value of depreda-
tion losses as there were separate estimates of the magnitude of these 
losses. Thus in reviewing the available literature on the valuation of 
depredation losses, primary attention was given to the methods used to 
derive the value rather than the actual value reported. Particular 
attention was given to the computational steps of: (1) estimating the 
magnitude of predation caused losses, (2) the average or per head 
value of lamb and ewes, and (3) determining the regional or secondary 
income losses. 
Utah valuations. Neilsen and CurIes (1969) and Curle (1970) after 
making a survey of sheep losses in the state of Utah, made an estimate 
of the value of these losses. Individually, lambs were valued at $22.33 
per head, the value at sale time minus the costs of marketing the lamb 
and ewes were valued at $25.00 per head, a 1969 varage of ewe sale 
prices. Based on these figures the total value of lambs lost to pre-
dation was $765,249 and ewe losses were set at $344,125. The sum of 
$1,109,374 was an estimate of total direct losses incurred by Utah's 
sheep ranchers to predators. Additional costs are also incurred by the 
individual operator in attempting to control predation. The cost of 
predator control paid by Utah sheep ranchers totaled $210,724, which 
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was itemized in following categories: 1) mill levy assessed for pre-
dation control, 2) private predator control costs, 3) donations and 
bait sheep, 4) minus the reduction in property taxes caused by depre-
dation losses. The total costs, resulting from predation, incurred 
solely by the sheep industry sector of Utah's economy was estimated to 
be $1,320,098. In addition to this sector cost, Neilsen and Curle 
also estimated the economic loss to all sectors of Utah economy by the 
use of an income multiplier for the liverstock sector of the state 
economy. Using the value of direct losses and mUltiplying by an income 
multiplier of 3.0, the primary and secondary income losses to Utah's 
economy were estimated at $3,328,122. If the net cost of predation con-
trol were added to this, a 3.5 million dollar loss was incurred by 
Utah's economy in 1968. 
Valuations in other western states. A similar approach was used 
by Nesse (1974) to estimate both direct losses and total losses to the 
economy of Glenn County, California. The direct costs of lamb and ewe 
losses were estimated to be $30,000. When multiplied by an income 
multiplier of 2.3 primary and secondary income losses to the counties 
economy were computed to be $69,000. When private control costs and 
county funds used for predator control are added to the primary and 
secondary losses, the total loss to Glenn County's economy was $107,643, 
during the fiscal year 1973. 
Reduction in gross income resulting from predation was estimated 
by Early et ale (1947a,b) from a survey conducted in Idaho. The gross 
income losses, from all sheep deaths in Idaho's range sheep operations 
total 6.888 million dollars for the two production cycles in 1970 
14 
through 1973, $3,449 million during 1970-1971, and $3,439 million dur-
ing 1972-1973. This included a $784,500 loss to predators in 1970-
1971 and greaterloss in 1972-1973 of $955,486. Coyotes were the most 
devastating predator during both years, reducing gross income from 
ewes and lambs by $634,487 in 1970-1971 and $873,306 in 1972-1973. In 
computing these estimates the classes of sheep were valued at $33 per 
ewe, $25 per lamb and $30 per ewe, $23 per lamb for 1972-1973 and 1970-
1971, respectively. The origin of these values was not explained. 
Data from the Wyoming Crop and Livestock Reporting Service 
(Wyoming Statistics, 1974) shows that while the magnitude of depredation 
losses has increased steadily since 1968, the dollar value of these 
losses has fluctuated slightly in that same period. Since this gross 
income loss is computed using the lamb and ewe per head value based on 
the annual hundred weight prices received by the stockmen, the fluctu-
ations are due to the yearly variation in the prcies of lambs and ewes. 
Ewe values per head have ranged from $7.90/cwt to $20.50/cwt. The 
final figures of gross income depredation losses in Wyoming ranged from 
$1.282 million in 1968 to $3.373 million in 1973. 
Rynolds and Gustad (1971) assessed depredation losses in the 16 
western states, using USDA Crop and Livestock Reporting Service sheep 
inventory data. In 1970 there was 15,595 million sheep in these 16 
western states, with a total assessed valuation of $403.71 million. 
Applying the average 4.2 percent depredation loss figure available for 
four states (Texas, Colorado, Montana and Wyoming) during the period 
1966-1969, the value of predatory losses in the 16 western states was 
calculated to be $16.955 million. This analysis considered only the 
direct income losses incurred by stockmen in the sheep industry. 
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National valuations. After Evanson (1967) arrived at a figure of 
national depredation losses an arbitrary value of $20 per head for all 
classes of sheep was selected. The final estimate of the value of 
predation losses was calculated to be from four million to ten million 
annually, depending on how much this estimate was adjusted for report-
ing bias. The study was unclear as to which year the loss occurred and 
as to whether this was only a direct loss value or whether secondary 
losses were included. 
Benefit-cost analysis 
One of the research recommendations made by the Leopold Committee 
(Leopold t 1964) was the need for a socio-economic study of cost-benefit 
ratios of predator control programs. Predator control is conducted 
under the assumption that it produces beneficial results. But no re-
search has been done to measure these results in terms of social and 
economic gains in proportion to the costs. Such an analysis, the re-
port stated, would require beneficial considerations of the esthetic, 
recreational, and ecological value of predatory animals, as well as 
measuring the negative and destructive values. The Cain report (Cain 
et al., 1972) again stressed the need, and the lack of research concern-
ing the benefits and costs of predation control. The Cain report empha-
sizes, "Although the need for such economic studies was given high 
priority in the final recommendations of the Leopold study, today, 
nearly eight years later, very little progress has been made in this 
direction •.• a review of cost and damage data available in 1971 re-
veals that the same state of affairs existed in 1964" (Cain et al., 
1972, pp. 24-25). 
Production function models 
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The production function defines the maximum total output that can 
be realized by using each combination of quantities of inputs. Preda-
tion control and coyote control, in particular, can be considered as a 
variable input in defining a production function for the joint products 
of wool and lamb. Although, production function models have been used 
extensively in agriculture, these concepts have not yet been applied to 
predatory losses in the sheep industry. Production functions have been 
used to analyze the economic problem associated with pesticides. The 
models, methods and social aspects are analogous to the problems con-
fronted in predation economics. Thus some basis for predation economic 
analysis is provided by the previous studies in pesticides. 
Headley and Lewis (1967) defined the optimum rate of pesticide 
application, using a conventional production function. A graph was 
hypothesized in which the ordinate was the yield of crops and the 
abscissa was the rate of application, the optimum was then defined as 
where the ratio of pesticide price to crop price was tangent to the 
total product curve. Fox (1970) also used a production function to 
define the individual optimal rate of pesticide application. In addi-
tion the economic consequences of restricting or banning the use of 
pesticides was analyzed in relation to pesticides as a single input, 
as they relate to a combination of other inputs, and as the various 
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inputs interrelate with possible substitutes. This study seems to pro-
vide a conceptual framework within which predator control efforts can 
be analyzed. 
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METHOD OF PROCEDUREI 
There are two commonly used methods for determination of sheep 
losses due to predation: first, the survey method, which obtains the 
pertinent data concerning sheep losses by questionnaire or personal 
interview of the individual stockmen, and second, the verification study 
where every locatable sheep carcass from a set of sample herds or in a 
given locale is examined by researchers to ascertain the cause of death. 
Both type of studies have their shortcomings. The survey type has the 
inherent possibility of a reporting bias and thus distortion of losses. 
The verification type studies are extremely expensive and time consuming 
and thus have the distinct possibility of being non-representative, 
because the sample size is limited by a budget constraint. When either 
type of study is meticulously administered, the results will only show 
a minimum verifiable or observed predator loss, and the total predator 
loss can only be speculative. In March of 1972, a verification type 
study of sheep predation was initiated in the Cedar City area of Utah. 
During the initial phase of the study, the primary objectives were to: 
(1) obtain reliable data concerning total annual sheep losses of the 
sample herds and photographically verify all losses atrributed to 
predators, and (2) identify problems that arise when conducting research 
of this nature and develop methods of alleviating these problems. 
lMuch of the information in this section is from the publications 
and discussions by Dr. James E. Bowns. Individual citations of each 
fact would be overly repetitious. Yet the thesis would be incomplete 
without this background (Bowns et a1., 1973 a, b Davenport 1973 and 
Bowns 1976). 
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The data sample 
In cooperation with the Cedar City Wool Growers Association and 
the Southern Utah State College Experimental Farm, ten sheep ranchers 
were chosen as sample operations to form the data base for this initial 
phase of the study. The ranches in the study are typical of the com-
mercial ranches which are the mainstay of lamb and wool production in 
Utah and other Intermountain states. With the exception of the Experi-
mental Farm, the ranches chosen for the data sample are strictly com-
mercial operations, no part-time or hobby ranches were included. In a 
majority of the sample ranches, the sole source of income for the ranch-
er is derived from sheep and wool production, while in others, lamb and 
wool income is supplemented by other agricultural interests including 
cattle, row crops, etc. Thus, there exists the profit incentive for 
these owner-operated ranches to maximize production efficiency. 
Goodsell and Belfield (1971, 1972, 1973a, 1973b) characterize 
ranches of the type studied as "migratory-sheep" operations which dif-
ferentiates them from farm flocks or feeder sheep operations, in that 
these herds are moved seasonally to various pastures, grazing is large-
lyon rangelands and unimproved pastures. Also, these migratory-sheep 
operations are larger than any farm flock, varying from 1,800 to 3,000 
stock sheep per management unit with an average of about 2,500. The 
land base operated by a viable migratory-sheep ranch is also much 
larger than that of a farm flock, averaging about 12,300 acres, 7,040 
of which is deeded land. 
Lamb and ewe counts 
Actual data collection began about April 1, 1972. Just prior to 
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April 1 the ewes and bucks are sheared. and from April to May the ewes 
give birth to the lambs. Lambing is scheduled to occur on privately 
owned lambing pastures where the ewes and new lambs can be closely 
managed and fed supplements until the spring ranges reach range readi-
ness. The lamb count recorded for study purposes is taken as the lambs 
are docked and marked while on the spring pastures usually one to two 
weeks after lambing. The docking count is the first lamb count taken 
and is the inventory base from which lamb losses are figured for the 
year. In late June the herds are trailed or trucked to the summer 
ranges. As the sheep are released onto these pastures, another impor-
tant count is taken and recorded in the data. These high elevation, 
summer ranges are almost exclusively owned by the Forest Service 
throughout the Intermountain West. But the study area is unique in 
that these summer ranges are totally deeded land, acquired from home-
steads that once existed in the area. It is upon these summer ranges 
that the lambs mature and fatten, and in mid to late September the 
lambs are weaned and separated for market. Most of the lambs are sold 
directly off the range at which time the final lamb count of the year 
is taken. The older ewes are mouthed, trimmed and culled, and the 
breeding flock is established for another year. These breeding ewes 
and replacement lambs are then moved to the fall ranges or to graze 
crop aftermath and then onto the desert winter ranges. In most large 
commercial operations, this schedule is adhered to very closely except 
when unusual weather forces time-tables to be changed. Thus, the 
respective counts for each herd are taken on approximately the same 
dates annually. In summary, three lamb counts are recorded for each 
herd: (1) the number of lambs docked, (2) the number of lambs taken 
to the summer pastures, and (3) the number of lambs weaned. The dif-
ference between the first two counts gives the total spring lamb loss 
and the difference between the second and third counts gives the total 
summer lamb loss. 
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A possibility always exists for inaccurate counts. Accurate counts 
are particularly difficult to obtain if the sheep are trailed from 
one range to another. Sheep must be counted at a gate or some other 
barrier that restricts the passage of the sheep such that they can be 
tallied as they pass by. However, most of the sheep in the study herds 
were hauled to the various ranges by truck and accurate loading counts 
were easily obtained. Inaccuracy also occurs if the fall counts are 
taken before the lambs are weaned and some large lambs are mistaken for 
ewes. Or the opposite occurs, and yearling ewes are mistakenly marked 
with the fall lamb crop. These inaccuracies in counts would result in 
a corresponding miscalculation in the total loss figure for that 
particular herd. The observed losses, which include verified predator 
losses, would not be affected by any inaccuracies in the counts since 
this figure is obtained by examination of each sheep carcass. 
Kill location 
The cooperating ranchers were asked to promptly report all sheep 
carcasses or injured sheep to the researchers so that an examination 
could be made as soon as possible to ascertain the cause of death or 
injury. As the study progressed, the researchers relied more on their 
own efforts to locate sheep carcasses, and each pasture was canvassed 
periodically to accomplish a more thorough search. Most of the 
searching was done on horseback so a more extensive area could be 
covered more thoroughly. 
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As the researchers became acquainted with the study area, a 
definite pattern of coyote predation became apparent. Once these 
problem pastures or areas were identified, a .mo~e efficient assessment 
of the losses could be made. It was found that coyotes usually kill in 
open areas on or near bedgrounds. Very few lamb carcasses were dis-
covered directly in the dense stands of aspen, pine or scrub oak. 
Carcass examination 
As soon as a carcass was discovered, an examination was made of 
the surrounding area and the animal to ascertain the cause of death. 
The field criteria for determination of the cause of death was refined 
as the study progressed. Prior to the initiation of the study, several 
ewes that were known to have been killed by coyotes were examined. The 
ewes had been bitten on the underside of the neck with the fang holes 
very distinct. This bite in the neck, below the ear or on the underside 
of the jaw, became the primary criterion to judge if the cause of death 
was due to coyote predation. Associated with the bite on the neck may 
be extensive tissue and bone damage along with profuse external bleed-
ing. If the coyote consumed a portion of the animal, further tissue 
damage was evident. When a coyote kills a young lamb, it will often 
begin at the sternum, removing the fat and flesh from the rib cage. 
The front or hindquarters may also be partially consumed. The internal 
organs of lambs may also be eaten. 
It was not unusual to find a carcass that had not been eaten at 
all, particularly if more than one lamb had been killed at one time. 
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Quite often there was no evidence of external damage or bleeding even 
when damage to the tissue and bone of the neck and jaw was very exten-
sive. If wool has been forced into the fang punctures as a result of 
the bite, there may be no external flow of blood. When external injur-
ies were not evident, the neck region of the lamb was autopsied to 
check for the characteristics of a predator inflected injury. A flap 
of skin surrounding the neck was removed, and if predation was the 
cause of death, teeth punctures and hemorrhaging were revealed. The 
hemorrhaging of the small blood vessels surrounding the punctures 
indicates that the lamb was alive when the bite was inflicted. 
In many cases considerable time had elapsed between the death of 
an animal and when the carcass was found. During that time the carcass 
may have become severely decomposed or further mutilated by other sca-
vengers. However, if the skin in the neck region was preserved, the 
fang punctures were still apparent, and the criteria for determining a 
kill satisfied. For the fang punctures to be preserved, the bitten 
side of the neck must be off the ground and the head elevated above the 
body. If the bitten side of the neck is touching the ground, body fluids 
drain into the wound area and evidence of predation is lost through 
decomposition. This happens during the winter as well as during the 
summer when the decomposition rate is higher. Dried blood on the wool 
of an older carcass at the jaw or neck region is also indicative that 
the animal was bitten, but such evidence must be supported by the 
presence of fang puncture. 
In some instances, lambs bitten by coyotes do not immediately die. 
These animals can usually be recognized by: (1) blood or other fluids 
on the neck or draining from the wound or (2) abnormally low head 
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position. Usually these animals die later as a direct result of the 
bite or possibly due to infection and trauma associated with the attack. 
Often a long period of time may elapse before the animal dies; some 
lambs may even survive until market time, but they are often rejected by 
the buyer because of their emaciated condition and must be destroyed. 
Lambs that die within several days of the attack often lie down in 
thick brush or trees and cannot be rediscovered. 
Predators other than coyotes--cougars and domestic dogs--were res-
ponsible for a few lamb and ewe kills. These kills are easily distin-
guishable from a coyote kill. A cougar bite is usually inflicted on 
the top of the head or neck rather than on the throat as is the case 
with a coyote. Cougar frequently kill several lambs at one time. Dog 
kills occur most often while the sheep are pastured near towns. Dogs 
tend to mutilate. Sheep that are attacked by dogs are often bitten 
severely about the head, neck, and ears as well as the flanks and legs. 
Major problems 
As previously discussed, it was often difficult to obtain accurate 
sheep counts. But it is doubtful that the disparity between the count 
and the actual number was ever very large. In addition, if these in-
accuracies in counts were randomly distributed, it could be assumed that 
the yearly total loss figure for any herd was sufficiently precise 
because of cancelling effects. 
Another difficulty was encountered in diagnosing losses on the 
summer ranges. A carcass usually had to be found and autopsied within 
two or three days after death of the animal. After this time, decom-
position was so rapid that accurate evaluation of the cause of death 
was impossible and the carcass had to be listed in the data as "cause 
of death unknown." 
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The greatest problem was the impossibility of accounting for all 
the missing lambs. In four years of study of the total lambs lost, an 
average of only 43 percent were discovered and examined by researchers 
on both the summer and spring ranges. The spring ranges are foothills 
surrounding Cedar City, vegetated by sagebrush and sparse juniper. Even 
with this sparse vegetative cover and level topography, only 74 percent 
of the lamb losses were discovered and examined by the researchers. The 
problem of discovering all the lamb carcasses becomes more acute on the 
summer ranges. The summer ranges under study are situated on Cedar 
MOuntain midway between Cedar Breaks National Park and Zion National 
Park. The sides of Cedar Mountain are steep and rough, densely vegetat-
ed by oak brush and mountain mahogany. On top of the mountain, the oak 
brush gives way to thick groves of aspen and conifers interspersed with 
open parks, lava rock talus and sandstone canyons. Under these extreme 
conditions, only 20 percent of the total summer lamb loss was discovered 
and examined by the researchers. This discrepancy between those 
carcasses that could be found and those losses that were unobserved has 
to be accounted for if a figure for total predation losses is to be 
derived. 
Phase two 
In 1975 the data sample was cut from ten to three cooperating 
ranches, the College herd and two others. This allowed the efforts of 
the researchers to be concentrated on obtaining the most precise data 
possible for the three herds. Each pasture in which a study herd was 
grazing was searched thoroughly at least once a week and efforts were 
doubled to obtain exact lamb and ewe counts. The results from this 
intensified phase of the study can now be compared to the results of 
the initial three years in an effort to estimate the total predation 
loss for the four years. 
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RESULTS AND DISCUSSION 
Assessment and Description of Data 
This study was undertaken to assess predatory lamb losses on the 
spring and summer ranges surrounding Cedar City, Utah. All of the data 
collected pertains only to lamb losses, except the data that was col-
lected on the number of ewes verified as predator kills. Lamb loss 
data was collected between docking and weaning or marketing--or in 
other words on the spring and summer ranges. 
The raw data compiled for each herd are in Appendix I. A summary 
of the data for herds 1 through 10 and for herds 1, 3 and 5 are in 
Tables 2 and 3, respectively. The data were categorized by year and 
season. The following section describes those data and assesses its 
limitations. Summarizing the categories; the first category, lamb 
counts were obtained from the rancher and from these counts a total 
lamb loss was computed. The categories of verified predation loss, 
natural causes loss and unknown causes loss were gathered by research-
ers through extensive field work over the four year period the study 
was conducted. The remaining categories of data are algebraic combina-
tions of various of the first four categories and were computed to 
provide some insights into the problems of predation. 
Lamb counts 
The following three lamb counts are recorded in the data for each 
herd every year: (1) the docking count, (2) the trucking count taken 
between spring and summer ranges, and (3) the weaning count taken 
Table 2. A summary of data for h~rds 1 through 10 for the years 1972 through 1975. 
Year Lamb counts Total 
and On Off lamb 
Season losses 
1972 
Spring 14700 12779 380 
Sur:mer 18286 16978 1367 
Fall-winter 
TOTAL 32986 29757 1747 
1973 
Spring 17785 17116 670 
SUI:J:ler 16972 16083 887 
Fall-winter 
TOTAL 34757 33199 1557 
1974 
Spring 15860 15316 545 
Sutm:ler 15316 14296 1019 
Fall-winter 
TOTAL 31176 29612 1564 
1972 - 1974 
Spring 48345 45211 1595 
Summer 50574 47357 3303 
Fall-winter 
G~\~ TOTAL 98919 92568 4898 
Verified 
predatory 
lamb 
losses 
70 
228 
33 
331 
91 
164 
40 
295 
110 
287 
56 
453 
271 
679 
129 
1079 
Lamb 
losses 
from 
natural 
causes 
190 
36 
226 
325 
52 
377 
384 
88 
474 
899 
176 
1079 
Lamb 
losses 
from 
unknown 
causes 
11 
86 
97 
0 
0 
0 
0 
7 
7 
11 
93 
104 
Predatory 
ewe 
losses 
0 
0 
0 
1 
6 
7 
1 
9 
10 
2 
15 
17 
Observed 
lacb 
losses 
271 
350 
621 
416 
216 
632 
494 
216 
632 
1181 
949 
2129 
Losses 
from 
known 
causes 
260 
264 
524 
416 
216 
632 
494 
375 
869 
1170 
933 
2103 
Speculative 
predatory 
losses 
40 
907 
947 
108 
539 
647 
26 
498 
524 
174 
1944 
2118 
Total 
predatory 
lamb 
losses 
110 
1135 
28 
1273 
99 
703 
27 
829 
136 
759 
31 
926 
345 
2627 
86 
3028 N 00 
Table 3. A summation of data for herds 1, 3 and 5 for the years 1972 through 1975. 
Year Lamb counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Tota! 
and On Off lamb predatory losses losses ewe lamb from predatory predatory 
season losses lamb from from losses losses known losses la~.b 
losses natural unkno ... ~ causes losses 
causes causes 
1972 
Spring 6550 6330 220 45 145 11 0 201 190 12 57 
StlImIler 7177 6560 616 162 17 40 0 187 147 411 541 
Fall-winter 5 5 
TOTAL 13727 12890 836 212 162 51 0 388 237 423 603 
1973 
Spring 6515 6239 276 21 151 0 1 194 194 29 50 
Suomer 6970 6656 312 86 19 0 3 165 165 177 263 
Fall-winter 13 13 
TOTAL 13485 12895 588 120 170 0 4 359 359 205 326 
1974 
Spring 6279 6030 249 49 198 0 0 247 247 8 57 
Swr.mer 6030 5645 387 118 22 1 3 195 194 169 322 
Fall-"'~nter 24 24 
TOTAL 12309 11675 636 191 220 1 3 442 441 177 40) 
1975 
Spring 5681 5475 198 39 135 2 0 176 174 13 52 
Summer 5475 5352 123 74 10 :2 0 110 108 32 106 
Fall-winter 0 0 
TOTAL 11156 10827 321 113 145 4 0 286 282 45 158 
1972 -1975 
Spring 25025 24074 943 154 629 13 1 818 805 62 216 
Sucner 25652 24213 1126 440 68 43 6 657 614 789 1232 
Fall-winter 42 42 N 
G~1) TOTAL 50077 48287 2069 636 697 56 7 1475 1419 851 1490 \0 
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previous to marketing the lambs. The trucking count is recorded twice. 
Sometimes, however, the two trucking counts differ because of additional 
lambs being added to a herd that were not included in the spring herd 
or the spring herd being divided and grazed on other summer pastures 
that were not included in the study. 
No attempt was made in this study to tally ewes or replacement ewes 
in the spring and summer or in the fall and winter after the lambs 
were marketed. It was believed that the extremely low predation rate 
on ewes didn't justify the collection of such data. The subsequent 
research proved this assumption correct; only 17 ewes were verified as 
predator kills in four years of study. 
Total lamb loss 
The total lamb losses occurring on the spring or summer range is 
simply the difference between the on and off counts for that respective 
seasonal range and herd. This figure by no means describes the causes 
of mortality of these lamb losses. Also this figure does not account 
for the total lamb losses occurring between birth and docking. After 
the lambs are marketed in the fall those lambs that remain, with the 
exception of a few stragglers, become replacement ewes and are not then 
counted in the study. But because the first lamb count of the season 
is usually the docking count this leaves at least twelve days between 
birth and docking that losses can't be tallied. 
Verified predator kills 
Upon these data hinges the credibility of the entire study. For 
this reason each verified predator kill was photographically documented. 
The point must be emphatically stressed that the number of lambs 
verified as predator kills is not the total number of lambs that are 
destroyed by predators, and with some herds does not even closely 
approach that total. This is because (1) the field work to verify 
predator kills didn't begin until the first lamb count was made, so 
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any predation that occurred between lambing and docking isn't recorded, 
(2) severe decomposition of many lamb carcasses prevented accurate 
determination of the cause of death, and (3) most importantly that the 
greatest proportion of the lamb carcasses were not discovered even after 
intensive searches. 
The verification of predator kills continued after the lambs were 
marketed in the fall and on into the winter months. These were the 
only data that were gathered during the fall and winter and are listed 
as fall-winter verified predator kills in the compilation of the data. 
Predation losses that were verified in the fall-winter were not used 
to compute the speculative predation losses. Only the predator losses 
that were verified in the spring and summer were used to draw any 
conclusions in this study. 
Verified losses from natural causes 
As is the case with predatory losses a large proportion of deaths 
from natural causes were undiscovered. But more importantly since the 
observation of lamb deaths began after docking a large number of the 
natural lamb deaths had occurred previous to docking so weren't record-
ed in the study. This study provides no information concerning pre-
docking lamb losses. A study was conducted with one of the sheep herds 
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in this study concerning lamb mortality during the first 75 days after 
birth (Matthews and Ogden, 1957). During a twelve year period, lamb 
mortality averaged about 10.06 percent of all lambs and about 75 per-
cent of this loss occurred during the first three weeks of life or the 
predocking period. All of these deaths were due to natural causes, a 
loss partially accounted for in the data, since lamb counts were taken 
approximately 12 days after birth. 
Unknown causes lamb losses 
When a lamb carcass was found and the cuase of death could not be 
clearly classified as either predation or natural causes then that car-
cass was counted as cause of death unknown. Most carcasses that were 
classified as such were so severely decomposed that all possible traces 
of predation were obliterated. 
As the study progressed the researchers became more proficient in 
diagnosing the difference between predation and natural causes. This 
increase in expertise is reflected as a percentage decline in the number 
of lamb carcasses classified as cause of death unknown. In 1972, the 
first year of the study, 11.62 percent of the lamb carcasses that were 
observed were classified as cause of death unknown, in 1973 0 percent, 
in 1974 .79 percent and in 1975, the final year of the study .139 
percent were classified as cause of death unknown. 
Unaccounted for lamb losses 
Most of the total lamb loss wasn't found by the researchers. Most 
lamb carcasses were either obscured by dense vegetation or weren't 
found because in the early stages of the study researchers were 
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unfamiliar with the killing patterns of coyotes and the ten herds of 
sheep in the original data sample grazed too much area to be covered by 
the available personnel. The unaccounted for lamb loss was computed 
by subtracting the cerified predator loss, the natural cause loss and 
the unknown causes loss from the total lamb losses, or in other words, 
subtracting the total observed losses from the total lamb loss. 
As the study progressed, the researchers developed techniques 
enabling them to find a greater percentage of the lamb carcasses. Bed 
grounds, dry washes and ravines, certain drainages and certain herds 
were surveyed more frequently. In 1972, the first year of the study 
only 35.54 percent of the total lamb loss was discovered and examined. 
In 1973 this percentage rose to 40.56 and in 1974 it again rose to 
56.66 percent. In the final year of the study, 1975, when the number of 
sample herds were cut from ten to three, the study area could be 
canvassed more regularly and thoroughly and 89.1 percent of total lamb 
loss was discovered by the researchers. 
Total observed lamb losses 
Observed lamb losses are those total losses that were verified in 
the field, whether classified as predation, natural or unknown cause of 
death. This can also be computed by subtracting the unaccounted for 
losses from the total lamb loss. This figure was used to compute the 
estimated total predator loss. 
As previously mentioned in relation to the unaccounted for losses, 
the percentage of observed losses increased each year as the study 
became progressively more effectively administered. 
Lamb losses from known causes 
The losses from known causes is the summation of those carcasses 
that were verified as either predation or natural cause. This can 
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also be computed by subtracting the losses from unknown causes from the 
observed losses. This figure was another statistic used to compute the 
estimated total predator loss. 
Estimated total predator loss 
The first major objective of this study was to formulate reliable 
estimates of the total predation loss from the large unaccounted for 
lamb losses. It is obvious that the number of lambs verified as 
predatory losses is not the total predation loss. Nor were all of the 
unaccounted for losses caused by predation. The exact number of lambs 
destroyed by predators is the number of verified kills plus the propor-
tion of the unaccounted for losses that were destroyed by predators. 
Formulation of an estimate of a total predation loss figure will 
proceed upon the supposition that the same proportion of predation and 
natural losses exists in the unaccounted for losses as in those losses 
that were examined. If that supposition holds true then it follows that 
the same proportion of predation and natural losses exists in unknown 
cause of death as in those losses that were observed. 
The proportion of predation losses that were unknowingly tallied 
in the unaccounted for loss and unknown causes loss categories is 
estimated through a series of steps. The first step is to compute the 
proportion of lambs verified as predator kills in the total losses 
verified as known causes (both predators and natural causes). 
Step 1: 
Vshy 
E K = mean predation loss ratio ~ 
n 
where: 
v = verified predator loss 
K = those losses verified as known causes 
s = season (spring or summer ranges) 
h = the sample herd, one through ten 
y = the year in which the loss occurred 
n = the period the study was conducted on herd h. For herds 
1, 3, and 5 this was four years. For the remaining herds 
this was three years except herds 9 and 10 on which no 
data was collected in the spring of 1972. 
The resulting ratio is a yearly average of verified predator losses 
per verified loss from all known causes. A similar, but not equal, 
ratio can be calculated by a summation of the verified predator losses 
divided by a summation of the verified losses from known causes. 
e Simply summation method 
formula: 
The only difference in the two formulas is that the yearly average is 
omitted in the latter formula. By using a simple summation of losses 
verified from known causes this ratio is weighted towards the years in 
which greater losses were verified. It was this effect that was delib-
erately avoided by taking a yearly average. 
The number of lamb carcasses verified as either predator kills or 
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natural causes could vary as the result of (1) changes in the number of 
lambs placed on the range, (2) increase in the proficiency of the re-
searchers in finding more lamb carcasses, and (3) changes in the rate 
of predation or deaths from natural causes. All of these factors 
fluctuated during the study. A change in any of these factors would not 
change the ratio calculated for anyone year (Step 1). But an increase 
in anyone of these factors would weigh the total ratio calculated by 
the summation method towards the year in which that increase occurred, 
even though the ratio calculated separately for each year would not 
change. 
By computing a mean predation loss ratio (Step 1) for each herd in 
each season the variations due to herds and seasons were blocked out. 
That is, if this ratio is significantly different between seasons or 
herds this difference is mitigated by making separate computations. It 
was known that the total predator losses were different between seasons 
and herds (refer to section: Variations in Total Predator Loss). It 
would be reasonable to assume that this ratio also varied between the 
seasons and the herds for the same reasons that losses from predation 
and natural causes vary. To avoid an over estimatibnlof predator kills, 
a separate ratio was calculated for each year, season and herd, then a 
yearly mean of these separate ratios was calculated for use in Step 2. 
The second step was to multiply this mean ratio in Step 1 by_the 
unaccounted for loss to obtain a speculative estimate of the number of 
lambs that were killed by predators but never observed. 
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Step 2: 
[The mean predation loss ratio (shy)] x (unaccounted for loss 
for herd h in season s and yearly y) = speculative predation 
loss in the unaccounted for losses for herd h, in season (s) 
and year (y). 
Third, the ratio in Step 1 was multiplied by the number of lamb 
losses dying from unknown causes to obtain an estimate of the number 
of lambs that were killed by predators but which were included in the 
unknown causes loss since they could not be diagnosed as pre4ator kills. 
Step 3: 
[The mean predation loss ratio (shy)] x (unknown causes loss for 
herd h in season s and year y) = speculative predation loss in 
the unknown cause loss for herd.~, in season s and year y. 
Fourth, the speculative loss figures obtained in both Steps 2 and 
3 were added to the verified predator loss to estimate the total 
predation loss for herd h in season s and year y. 
Step ~: 
(Speculative predation loss in the unaccounted for losses [Step 2]) 
+ (Speculative predation loss in the losses from unknown causes 
[Step 3]) + (verified predation losses) = TOTAL PREDATION LOSS for 
herd h in season s and year y. 
As stated, this computational procedure was used to estimate a 
total loss for each herd in each season every year. Results of two of 
the computational steps are listed for each herd in Appendix I: (1) the 
total speculative predator loss, a summation of Steps 2 and 3, and (2) 
the total predation loss. 
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Computation of a speculative predator loss estimate by the above 
methods makes only one assumption--that the examined lamb deaths were 
a random sample of the population of total lamb losses. As the study 
progressed, bedgrounds, certain drainages, washes and other areas were 
identified as problem areas and were canvassed more frequently and 
thoroughly. This assumption implies that those carcasses found in 
those areas didn't contain a greater or lesser proportion of predator 
kills than those carcasses that weren't discovered. 
When the results of the initial year were published, it was 
thought that there was 
good reason to conclude that the verified predator 
loss (minimum estimate of the actual loss) may in fact 
encompass a large proportion of the actual predator loss. 
This conclusion is supported by the observed characteristics 
of kill locations and coyote behavior. (Davenport et al., 
1973 p. 13). 
If this were true then as the sample size or the percentage of observed 
carcasses increased in the subsequent years of the study, the ratio of 
verified predator losses to those losses verified as known causes (Step 
1) would decrease. This is because a larger sample size would only 
discover more lamb deaths resulting from natural causes whereas the 
number of lamb carcasses verified as predator kill would decline, 
resulting in a decrease in the ratio. The opposite is true, the ratio 
did not decrease but remained fairly constant throughout the four years 
the study was conducted. 
This fact became particularly evident in the final years of the 
study when the number of study herds was cut from ten to three and 
those carcasses examined constituted 89.1 percent of the total loss as 
compared to 35.54 percent in the initial year of the study. The ratio 
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computed for the three herds in 1975 was comapred to an average ratio of 
the previous three years of study. Two tests were made, the first to 
test for differences between the two sets of spring ratios and the 
second to test the summer ratios. Both tests failed to show signifi~ 
cance. Since this ratio remains static regardless of the sample size 
the sample can be considered as random. 
Table 4. The ratios of the verified predator loss to those 
losses verified as known causes, herds 1, 3, and 5. 
1975 1972-1974 
Herd Spring Summer Mean Mean 
Spring Summer 
Herd 1 0 .8571 .0059 .8699 
Herd 3 .2 .625 .4369 .6986 
Herd 5 .5873 .9273 .4702 .8939 
Mean .2624 .8031 .3043 .8208 
Trends in Total Lamb Losses and Total Predation Losses 
During the years 1972 to 1974 when ten herds comprised the study 
sample, total lamb loss remained quite constant with a mean total loss 
of 1622 lambs and a standard deviation of 107. But the estimated total 
predator loss for those ten herds in the same period was considerably 
more variable with a mean predator loss of 1009 and a two-fold increase 
in the standard deviation of 233, due to a slightly higher predator 
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loss incurred in the first year of study. A bar graph of total lamb 
loss and total predator loss is presented in Figure 1. 
Considering only herds 1, 3 and 5 for which data were collected 
again in 1975, there was a small decline in both total lamb loss and 
the estimated total predator loss during the tenure of the study. For 
the three herds the mean total loss was 584 lambs and the mean total 
predator loss was 367 lambs with a standard deviation of 231 and 204, 
respectively. The yearly results from these three herds are depicted 
individually and in the aggregate in Figures 2 and 3, respectively. 
The percentage of predation losses in the total lamb loss showed 
similar yearly trends. When an increase in total lamb loss occurred 
an increase in the estimated total predation losses followed. Compare 
the following precentages of total predation losses in Table 5 with 
the yearly fluctuations in total losses in Figures 1 and 3. 
Table 5. Total predation loss expressed as a percent of the total 
loss 
Herds 1-10 Herds 1, 3 and 
1972 72.87% 72.13% 
1973 53.24% 50.49% 
1974 59.21% 63.36% 
1975 No data 49.22% 
Specifically note that in 1972 when the greatest total loss 
5 
occurred the highest percentage of predatory losses also occurred. The 
converse is even more noticeable in 1975 when reduction in total lamb 
loss occurred the lowest percentage of predatory losses occurred. 
This correlation may be due in part to the method by which the 
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Figure 1. A summation of the total lamb loss and total predatory lamb 
loss in herds 1 through 10. 
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estimates of total predation losses were derived, by including a large 
proportion of the unaccounted for losses. But. the primary reason is 
that losses from natural causes remain quite static throughout the 
study while total predator losses fluctuate dramatically. Figure 4 
shows the estimated total losses from natural causes compared to the 
estimated total predation loss for herds 1-10 in the years 1972-1974. 
Losses from natural causes are much more static than those losses 
caused by predators. This contrast is even more dramatic in Figure 5, 
when only herds 1, 3 and 5 are shown and 1975 data are included. Losses 
from natural cause remain almost constant while predation loss de-
creased drastically. These graphs and percentages lend credence to the 
hypothesis that almost any portentous increase in lamb losses can be 
attributed to predators. 
Percentage of predatory losses 
The percentage of predatory lamb losses have been computed to 
indicate the relative magnitude of losses that occurred during the 
study. A spring and summer total percentage lamb loss was computed 
using as a base the number of lambs counted onto the spring and summer 
pastures (Table 6). 
Rosko's (1948) verification study compiled similar percentage loss 
figures using data collected from many of the same sheep herds on the 
same summer ranges in Iron County. In 1947 0.29 percent of 64,000 head 
of sheep on those summer ranges were verified as destroyed by predators. 
Rosko used as a base figure to compute this percentage the total number 
of sheep counted onto the summer range, whereas the previous figures 
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were computed with the available lamb counts. Also Rosko's predatory 
loss figure included only the number of sheep verified as predator 
kills, the minimum loss that can be attributed to predators. 
Rosko's percentage of .29 is considerably lower than any summer 
predation loss recorded by the Bowns study. This is due to the fact 
that Rosko's loss percentage was computed using a larger base--the 
total number of sheep. But also Rosko's study was administered quite 
differently, depending heavily on the herders reporting predator kills, 
which could alter the effectiveness in discovery and verification of 
lamb carcasses. Therefore, a direct comparison of the rate of predation 
as reported by Rosko in 1948 and the rate compiled in the years 1972 
through 1975 would not be valid. 
Table 6. Total predation loss and verified predation loss expressed 
as a percentage of lambs docked. 
Herds 1-10 Herds 1, 3 and 5 
Total Verified Total Verified 
predation predation predation predation 
Year Season loss loss loss loss 
1972 Spring .748% .476% .870% .678% 
Sununer 6.207% 1.247% 7.538% .322% 
1973 Spring .557% .512% .767% .78 % 
Sununer 4.142% .966% 3.773% 1.957% 
1974 Spring .858% .694% .908% .686% 
Sununer 4.956% 1.874% 4.34 % 1.352% 
1975 Spring No data No data .950% .652% 
Summer No data No data 1.936% 1.352% 
Mean Spring .714% .569% .871% .615% 
Summer 5.194% 1.342% 4.803% 1.352% 
48 
Decline in number of lambs marketed 
As mentioned in the introduction, sheep numbers have been rapidly 
declining in Utah as a result of several factors. As a result of this 
decline in sheep numbers the number of lambs marketed has also declined. 
In the decade 1960 and 1970 the Utah Agricultural Statistics (1974) re-
ported a 14.89 percent decrease in the number of lambs marketed, a 
yearly average decrease of 1.49 percent. In the next five years, 1970 
to 1975, a 38.08 percent decrease was recorded, an average yearly de-
crease of 7.62 percent (SRS, 1976). 
This increasing cost and decreasing price squeeze has also caused 
a decline in the number of lambs marketed in the sample herds under 
study in Cedar City. From the final lamb counts taken in the fall the 
following percentage decreases in lambs marketed were calculated in 
Table 7. 
Table 7. Decline in lambs marketed. 
Year 
1972-1973 
1973-1974 
1974-1975 
Percentage decline 
5.27% 
11.11% 
5.19% 
Numerical decline 
16,978 to 16,083 
16,083 to 14,296 
5,645 to 5,352 
Herds 1-10 
Herds 1-10 
Herds 1, 3 and 5 
The 1972 to 1974 decrease was calculated from the lamb counts 
obtained from the ten sample herds in the initial phase of the study. 
The 1974-1975 decrease was calculated from the three herds in the 
reduced sample in the final year of the study. This works out to be a 
7.19 percent average yearly decrease in the number of lambs marketed, 
which is essentially equal to the average yearly decline experienced 
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statewide. Apparently those same factors which have adversely 
affected the state's lamb industry are also reducing Iron County's lamb 
industry. The lamb counts taken from the sample herds seem to be 
representative of this trend. 
Variations in Total Predation Losses 
Two analysis of variance tables were computed to compare the total 
number of lambs destroyed by predators. In both tables significance of 
variation in total predation losses was tested: (1) between seasons--
spring and summer, (2) between years--1972, 1973, 1974 and 1975 and 
(3) between herds. 
The first analysis of variance table was computed from the ten 
sample herds for the years 1972 through 1975. Since data wasn't col~ 
lected for seven of the original ten sample herds in 1975 (herds 2, 4, 
6, 7, 8, 9 and 10) and in the spring of 1972 data wasn't collected for 
herds 9 and 10, these data were treated as missing data in the first 
analysis. 
Table 8. ANOV of total predatory losses in herds 1 through 10. 
Seasons 
Years 
Herds 
df 
1 
3 
9 
Total 63 
ss 
22133.33 
7031.336 
11213.75 
F ratio 
31.0796 
.86344 
2.02029 
Significance 
p <.01 
No significance 
P~.l 
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The second analysis of variance table was computed from the 
estimated predation losses in herds 1, 3, and 5. No data was missing 
for these three herds. 
Table 9. ANOV of total predatory losses in herds 1, 3 and 5. 
Seasons 
Years 
Herds 
Total 
df 
1 
3 
2 
23 
ss 
55700.51 
4642.361 
32586.67 
F ratio 
6.86255 
.7267 
1.73844 
Significance 
P < .025 
No significance 
No significance 
Seasons. Both analyses showed a highly significant difference be-
tween the estimated number of lambs destroyed by predators in the spring 
and the number in the summer. This confirms the visual difference that 
was apparent in Figures 6 and 7. Figure 6 is a summation of the total 
lamb losses and the estimated predatory lamb losses occurring in herds 
1 through 10 in the spring and summer. Figure 7 is the same data for 
herds 1, 3 and 5 which included data collected in 1975. 
Also apparent in Figures 6 and 7 is the change in the ratio of 
predation losses to those losses from natural causes. In the spring 
predatory losses remained almost constant during the study years while 
losses from natural causes, which comprise the major proportion of 
the total loss in the spring, fluctuated conSiderably. In the summer 
the opposite occurs. Predation losses comprise almost the entire 
total loss, while losses from natural cause are insignificant and 
quite static. 
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The seasonal difference in the losses from natural causes was 
anticipated. From the literature review it was known the majority of 
lamb losses from natural causes occur in the first seven weeks after 
birth and that by the twelfth week, approximately when the sheep are 
bring placed on the summer pastures, natural mortality has abated. The 
natural mortality rate in the spring is contingent upon inclement 
weather, outbreaks of disease, and a host of other factors. 
It would seem that where there is a greater density of coyotes, as 
on the spring ranges, predation losses would be greater (refer to 
section: Coyote populations in study.area). Couple this with the fact 
that also during the spring an acute nutritional demand is placed on a 
a mature mating pair of coyotes as a result of the late gestation 
period and early stages of pup maturation. A readily available and 
vulnerable food source such as lamb could be easily exploited. Such is 
not the case. Instead spring predation losses are consistently low. 
As an example, herds 1, 3 and 5 incurred a predatory lamb loss of 57 
for two years of the study and in the remaining two years 50 and 54 
lambs were killed. Summer predatory loss for those same three herds 
varied from ten-fold to two-fold times greater than spring losses 
(refer to Figure 7). This disparity between spring and summer preda-
tion losses can partially be explained by the shorter spring grazing 
season allowing less time for the losses to occur and more so whenever 
coyotes threaten or Bome minor losses occur the prevailing practice is 
to corral the sheep nightly in small portable corrals with the herder 
camp nearby. On the summer ranges these deterrents aren't feasible. 
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However the use of coyote deterrents doesn't preclude the influence of 
other identified factors. 
The consistently low predation losses on spring ranges suggest 
several management and coyote control implications. That coyote 
control and deterrent efforts (e.g. corralling) have reduced predation 
losses to a level beyond which the marginal returns to the factor of 
coyote control are so low that further reductions in losses would 
incur tremendous coyote control expenditures (refer to section: Coyote 
population. and coyote control). The opposite is also possible, that 
regardless of the amount of coyote control, predation losses on the 
spring ranges will remain at approximately the same annual rate which 
suggests that coyote control but not necessarily coyote deterrent 
efforts are wasted. Whatever the case may be, it is obvious that 
additional coyote control efforts should be focused on the summer 
ranges where predation. losses are consistantly greater and greater 
returns can be realized from control efforts. 
Herds. When the variation of total predation losses between herds 
was tested the results of the two analysis of variance tables were 
contradictory. The first table with the larger sample of ten herds 
showed the number of predatory losses between herds to be significantly 
different, while the second table computed with the smaller sample 
narrowly failed to show significance. The statistical difference in 
predation loss between herds is not conclusive, but it can be assumed 
that predation losses are not randomly distributed among the herds. 
This fact was recognized by the researchers that predator kills 
were not random among herds--that certain herds incurred greater losses. 
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This is why as the study progressed a greater percentage of the total 
loss was verified because the researchers identified areas in which 
predation loss frequently occurred (previously discussed in section: 
Unaccounted for lamb losses). This difference in predatory losses is 
definitely not due to the herds themselves, but to certain management 
and environmental factors unique to each herd. This may account for 
the low significance and contradiction in the analysis because the 
different herds of sheep are only a secondary grouping of many complex 
factors and interactions. 
Vegetative and topographic characteristics of the ranges grazed by 
each herd determine coyote habit and thus to some degree predatory lamb 
losses. Rosko (1948) in a study of predation losses on the same 
summer ranges, classified and mapped four terrain types. A rough cor-
relation between these terrain types and predation losses was evident. 
Rosko concluded that "The rougher the terrain and the more cover, the 
higher were the losses. Herd losses ranged from an average of 0.70 
percent in steep terrain having thick underbrush to 0.10 percent in 
semi-open rolling terrain with occasional aspen groves." (Rosko, p. 
14.) The data were not available in the Bowns study to refine this 
correlation. It was found that there wasn't a clear distinction of the 
dominant terrain type in many of the pastures. Also many of the herds 
were moved to different pastures of various terrain types within the 
summer and no records on the length of stay in each pasture were re-
corded. 
Corralling the sheep, herding, and even periodic checks on the 
sheep are management techniques used to deter predators. On the spring 
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range many of the bands have a permanent herder with them and some 
herds are corralled nightly. While on the summer ranges the size of 
the herds are increased by combining several smaller herds and many of 
the bands are only checked periodically. When the results of the 
initial years data was published (Davenport et a1., 1973) a comparison 
was made of the verified predation loss and the total loss between 
herded and unherding bands of sheep. The unherded bands incurred a 
substantially higher percentage loss in both categories. The compari-
son was not repeated in subsequent years because the distinction between 
herded and unherded bands cannot be clearly defined. Only one band of 
sheep can be defined as having a permanent herder that checks the sheep 
in both the evenings and mornings. The remaining bands experience a 
gradient of management intensity to where some herds were only checked 
several times throughout the summer. This is not to say that intensive 
herding doesn't reduce losses but that with the situation encountered in 
this study that hypotheses couldn't be adequately tested. 
It would be an oversimplification to suggest that: (1) vegetation 
and topographic characteristics, and (2) differing management techniques 
are the only two factors that cause differences in predatory losses be-
tween herds. Nesse (1974) in a verification study of sheep losses in 
Glenn County, California related that, 
From observations recorded during this investigation, 
variations in predator loss are believed to be influenced 
by (1) the proximity of sheep pastures to wooded or rough 
terrain, which provides a wider range of natural prey species; 
(2) annual fluctuations prey and predator densities; (3) 
variation in predator feeding habits from one area to 
another and from one year to the next; (4) change in the 
activity pattern of predators as a result of pair formation. 
etc; and (5) differences in operating prodedures employed by 
individual ranchers. (Nesse, p. 15). 
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Evanson (1968) attributed the changes in predatory losses to a set of 
more abstract factors. First in the set was overgrazing which is 
accompanied by increased predations because of the ensuing physical 
weaknesses in the sheep and lack of natural prey species. Second was 
brush removal programs which expose sheep to predators. Third, fenced 
grazing which leaves the sheep unsupervised and scattered. None of 
these hypotheses were substantiated. 
Years. Both analysis of variance tables showed the yearly dif-
ference in the estimated number of predatory losses to be insignificant. 
Yet there was a noticeable trend of decreasing predation losses during 
the tenure of the study (Figures 1 and 3). But with the limited number 
of sample years this trend didn't show a statistically significant dif-
ference so it must be assumed that within the years that this study was 
conducted that the number of predatory lamb losses remained relatively 
constant. This implies that the factors which cause yearly fluctuations 
in predation losses also remained constant or changed in such a manner 
to have a cancellation effect. 
Cost Model 
The costs of coyote predation to the individual sheep rancher are 
twofold, first the value of the sheep that are destroyed by coyote pre-
dation. To conceptualize the effects of these direct income losses 
on the rancher two cost models will be employed: (1) total cost and 
total benefits model and (2) an average cost model. 
Total costs and total revenue 
The total cost of sheep production will be defined as the minimum 
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cost incurred in the production of the products, lamb, wool, mutton and 
other associated by-products. Not included in these total costs are 
those costs incurred in producing other agricultural or non-agricultural 
products that don't con'tribute to sheep production--such as irrigated 
crops that aren't fed to sheep, other livestock and ranch improvements 
which don't contribute to sheep production. Both explicit and implicit 
costs are included in the total cost function. The explicit which are 
the expenditures or that out-of-pocket costs made to purchase or hire 
the inputs of production and the implicit which refer to the cost of 
those resources owned or controlled by the rancher. 
In the short-run--which for a migratory sheep operation can be 
defined as one production cycle--a dicotomy in the total costs can be 
made. First, the fixed costs are incurred regardless of whether the 
rancher chooses to produce sheep or not and thus are incurred indepen-
dent of the quantity of output. Second, the variable costs which are 
payments for the factors of production which are incurred as a result of 
the rancher's decision determining the quantity of output and by what 
means to produce that quantity. A summation of the total fixed costs 
and the total variable costs equals the total costs. 
To relate a total cost function to the economics of predation in 
Iron County, the total cost function will be narrowed to only those 
fixed and variable costs incurred only in lamb production~ This 
simplifies the total cost function to show the situation where virtually 
no ewe predation occurs as is the case in Iron County. Thus any loss of 
output resulting from predation is synonomous with a reduction in lambs 
marketed by the rancher. The proportion and amount of the fixed and 
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variable costs in the total operation expenses of lamb production--as 
distinguished from those expenses contributing to wool or mutton pro-
duction--can be approximated using cost and returns data for migratory 
sheep operation (Goodsell and Belfield, 1971, 1972 and 1973). In 1972 
the total operating expenses of an average migratory sheep operation in 
Utah-Nevada was $38,810 (Goodsell and Belfield, 1973). This total was 
accounted for in the following items in Table 10. 
Table 10. Total operating expenses of an average migratory sheep 
operation in Utah-Nevada. 
Cost category 
Grazing costs 
Other feed 
Livestock purchases 
Shearing and clipping 
Contract trucking 
Machinery purchased 
Machinery operating costs 
Ranch building and fences 
Labor hired 
Taxes 
Other 
Dollars 
3,929 
3,035 
2,773 
2,638 
3,485 
2,500 
2,376 
550 
12,395 
3,398 
1,731 
This list was not meant to be an exhaustive itemization of all costs but 
a summary of an average ranch's total operating expenses, so it does not 
reflect all the incidental operating expenses incurred by some stockmen. 
Shearing and clipping expenses are clearly a wool production cost. But 
the remaining expenses contribute to both lamb and wool production. So 
these expenses are divided in a fixed proportion as determined by a 
three year moving average of cash receipts from sales of mutton, lamb and 
wool including wool incentive payments. This total cost function of 
lamb production is defined as: 
To = F + V 
where: 
T is the total cost os lamb production, both explicit and 
o 
implicit costs. 
F is the total fixed costs of lamb production. 
V is the total variable cost of lamb production. 
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Limiting the total cost function to those costs incurred in lamb 
production also simplifies the total revenue function. Total revenue is 
the price of the output times the quantity of output. The rancher in 
the lamb industry is a price-taker. Which implies that the demand curve 
for lamb is infinitely elastic (slope equaling 0) and intersects and 
absicca at the equilibrium market per unit price of lamb. Since the 
price of lamb remains constant respective to the amount of lamb sold by 
the rancher the total revenue function has a constant slope and origi-
nates at zero. This total revenue function is defined as: 
where: 
Tr is total revenues of lamb 
P is the per unit price of lamb 
Q is the quantity of lamb marketed 
The ideal situation for the sheep rancher would be the lack of any 
coyote predation problem, which would include both the absence of coyote 
predation and the elimination of expenditures for coyote control. When 
analyzing predation economics this situation is analogous to a scientific 
experimental control group, whereby each variable of predation costs can 
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then be added to this control group to study its economic consequences 
on the rancher. The previously defined total cost function can thus be 
considered as the minimum total costs of production without the effects 
of predation. The total revenue function remains constant regardless of 
predation losses. 
To define maximum profits without the costs of predation, the total 
revenue function is superimposed upon the total cost function. The 
rancher maximizes total profits by producing at an output level where 
the total revenue curve and the total cost curve have the same slope, so 
the vertical distance between the two functions is the greatest. In 
reference to Figure 9 this level of output of lamb without the costs of 
predation is qo. 
When predation losses are added to the model, but no attempts or 
expenditures are made for coyote control the quantity of lambs marketed 
is reduced but the total costs of production remain the same. Predatory 
lamb losses won't reduce the variable costs incurred by the rancher in 
lamb production and by definition fixed costs will also remain constant. 
Since the price of marketed lamb remains constant the total revenue 
function also remains constant. 
In support of the contention that total costs will remain constant 
despite predatory lamb losses, a reexamination can be made of the list 
of operating expenses for migratory sheep operations (Goodsell and Bel-
field, 1973). From this list a distinction between the fixed and 
variable costs of lamb production can be made and from there it can be 
determined to what extent predation reduces these variable costs. The 
expenditure categories of (1) taxes, (2) ranch buildings and fences, and 
(3) machinery purchased are incurred totally independent of the lamb 
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crop--regardless of the number of lambs marketed, these expenditures 
will still be made, therefore are fixed costs. These fixed costs are 
the result of a rancher's decision to maintain the capital investment in 
the ranch and are not necessary for the production of lamb. Labor hired, 
machinery operating costs, grazing costs, other feed and livestock 
purchase costs are not incurred entirely independent of the lamb crop. 
These costs are the result of a decision by the rancher to produce lamb 
and even though the actual expenditure is not made prev10us to the 
forthcoming production cycle, the commitment to raise lamb is irrever-
sible after the ewes are bred. If the ewes weren't even bred in the 
fall or some catastrophic event eliminated the lamb crop, then the 
expenditures in this category could be reduced but not eliminated. More 
realistically within the limits that predation has reduced the lamb crop 
in the study herds (0 percent to 13 percent), these costs would not be 
substantially reduced. Thus the presence of even a poor lamb crop 
necessitates that these expenditures be made in full. This eliminates 
all but the contract trucking costs as a fixed investment in the lamb. 
The contract trucking expenditures are paid out as the sheep are moved 
and is the only category of the costs listed that could be clearly de-
fined as a variable cost that could be reduced by predation losses. 
Even this cost is not a direct function of the number of lambs and ewes 
produced, but is fixed within certain equipment capacities. Since these 
contract trucking costs comprise such a minor proportion of the total 
cost of production a unit of lamb and this is the only major cost that 
isn't a fixed investment in the lamb at its birth, the conclusion stands, 
that after lambing total fixed costs of lamb production approximate the 
total costs of lamb production. This is not to be construed to mean 
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that there are no variable costs associated with lamb production, but 
that most lamb production expenditures have been made or are committed 
previous to the birth of the lambs and that predation can't reduce the 
variable costs and subsequent total costs incurred by the rancher. 
When predators inflict a lamb loss upon the rancher the quantity of 
lamb marketed is reduced to a level q (refer to Figure 9) and results in 
1 
a reduced level of profit. The extent to which profits are reduced 
depends upon how much ql is less than qo. But whenever the total cost 
and total revenue functions remain constant as in this case and ql is 
less than qo the rancher will not be maximizing profits. 
This describes the situation of a rancher, who has found that no 
amount of coyote control expenditures will increase lamb crop. The 
rancher would be foolish indeed making additional expenditure for coyote 
control every year without realizing any increase in lamb crop. Thus, in 
this case expenditures for coyote control should be eliminated from bud-
get, making total costs constant since the rancher is powerless to in-
crease the lamb crop through coyote control. 
The third situation adds both predation losses and control costs to 
the total revenue and total cost functions. So some expenditures are 
made for coyote control but some coyote predation persists and the lamb 
crop is reduced to a level q2. Because the expenditures for coyote con-
trol are a variable cost the total cost function increased to the level 
TI • The total revenue function would again remain constant. 
Even though some efforts are made at coyote control, some level of 
predation persists and there is a reduction in lamb crop directly attri-
butable to coyote predation, so q2< qo. But the relationship between q2 
and ql cannot be quantified without implying some measure of 
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effectiveness of the coyote control methods employed by the rancher. If 
after control efforts were applied qz < ql' would imply that coyote 
control was ineffectual or that the level of coyote predation was a 
function of other environmental factors not coyote control efforts. 
This case has previously been discussed when lamb crop was reduced to ql 
and total cost remained constant. If the converse were true so q2 > ql 
this would imply that coyote control was an effective suppressant of 
coyote predation and that there was an increase in lamb crop directly 
attributable to the amount and methods of coyote control employed. But 
q2 > ql doesn't imply any degree of economic efficiency of the control 
methods employed by the rancher. 
If coyote control can be assumed to be to some degree, an effective 
means to increase lamb crop (q2 < ql) then expenditure for coyote control 
becomes an input for lamb production along with all other inputs--land, 
labor, capital, etc. To maximize economic profits the quantity of lamb 
produced should be where the vertical distance between total revenue and 
total costs (including control costs) is the greatest. The more ef-
ficient coyote control is in increasing lamb crop the greater expendi-
ture will be made and q2 will approach qo. In the opposite case where 
control is very inefficient, total costs will be at a minimum and q2 
will approach ql. 
Average and marginal costs 
Perhaps the effects of predation and profit maximization can be 
more readily conceptualized using an average and marginal cost approach. 
From the same previously defined total cost functions three sets of 
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average and marginal cost functions can be derived, using previously 
defined notation. 
With the minimum total cost function T , where predation costs are 
o 
absent the average cost function will be: 
A = o 
where: 
Ao is the average or per unit cost of production_ 
It follows that the marginal cost function will be: 
When lamb predation is added, but no attempt or expenditures are 
made for coyote control the average cost function changes to: 
= 
where: 
Al is the average cost with lamb crop reduced to ql-
With depredation of lambs the output of lamb will be reduced, 
ql < qo· But the contention was made that this loss in output won't 
reduce the total costs of lamb production, so total costs remain 
constant. To obtain the average cost function Al the same amount of 
output is divided by a smaller amount of input, so the average cost of 
producing the remaining lambs increases or Al > Ao. 
Synonomous with this increase in the average cost function is an 
increase in the marginal cost function to where it again intersects the 
average cost function at its lowest point. Thus the marginal cost 
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function for the second case is: 
This marginal cost function increases (MI >Mo) because the change in TI 
will be greater than the change in T with respect to any infinitesimal~ 
o 
ly small change in output. 
Al and HI again defines the case where the rancher gains no in-
crease in lamb crop through coyote control, so expenditures for coyote 
control are eleminated from the budget. 
The final average cost function is relevent to the situation con-
fronted by the majority of range sheep operations. Here both facets of 
predation costs (lamb predation losses and control costs) are added to 
the minimum average cost function. Under these conditions the average 
cost function is: 
where: 
A2 is average cost with control expenditure and predation 
losses and the associated marginal cost function is: 
In A2 both variables TI and q2 change in comparison with To and qo. 
Since some expenditures are made for coyote control, TI > To and since 
some predation persists q2 < qo. Thus the relationship between A2 and 
Al can't be qualified without actual supporting data. 
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If coyote control can again be assumed to be to some degree an 
effective means to increase lamb crop (q2 > ql)' then the rancher will 
seek to maximize economic profits. A firm maximizes economic profits by 
equating marginal costs and marginal revenue. Since the rancher is a 
price taker the current market price of lamb approximates the marginal 
cost of producing the lamb and the rancher will strive to equate M2 with 
lamb prices. At this point of maximum profit the efficiency of coyote 
control is also maximized and the marginal costs of coyote control 
equates the marginal revenue of lamb saved from predation. When profits 
are maximized with q2 > ql' then the relationship between the average 
cost functions is that A2 < AI. Since the amount of profit per unit is 
defined as the amount that marginal revenue is greater than average 
costs, thus the lower the average cost function the greater the profits. 
Coyote control is a viable means to obtain greater profits by reducing 
the average cost function as defined in the short-run. 
Both the total cost and the average cost approaches to this cost 
model are depicted graphically in Figure 9. The relative position of 
each function is to be interpreted in the ordinal sense and by no means 
characterizes actual cost curves. 
Direct Income Losses 
As defined in the cost model the costs of coyote predation to the 
individual sheepman are two-fold, first the value of the sheep that are 
destroyed by coyote predation and second the cost incurred in attempting 
to control coyote predation. These costs incurred by the individual or 
the firm are termed the direct costs of predation as differentiated from 
indirect or multiplier effects of this foregone income. 
Revenue 
and Cost 
I 
I 
I 
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Figure 8. A summary of: (1) the total cost and total revenue and 
(2) the average and marginal cost approaches to profit 
maximization in predation economics. 
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The value or cost of sheep and wool that are lost to predation is 
equal to the number of lambs and ewes that are killed times the average 
value of the lamb or ewe killed. This needs to be an average value for 
a lamb and ewe even though the value of each lamb or ewe is not a 
constant but varies with the respective lamb or ewe killed. But deter-
mination of the value of each sheep at its exact time of death would be 
impossible, because the condition and age of a lamb or. ewe as the 
determinants of value is a subjective judgment among experienced buyers 
even when the sheep is alive, let alone when the animal is dead and the 
carcass is severely mutilated or decomposed. 
Lamb value 
Neilsen and Curle (1970) estimated the average value of a lamb kill 
in Utah to be the value of the lamb at sale time minus the cost of 
marketing. While in California, Nesse (1974) valued lambs at the 
average price received by the ranchers at market time in May. In esti-
mating lamb value by the first method, Neilsen and Curle assumed that 
all lamb production costs except the cost of marketing are fixed costs 
for the life of the lamb. Nesse contended that operating costs re-
mained constant throughout the year since a rancher has to pay for the 
feed and care of the ewe for twelve months of the year whether the lamb 
is on the ewe until sale time or is a predation victim previous to sale 
time in May. Both of these assumptions may not be entirely valid for 
use in Iron County, hut the bulk of the costs of producing a lamb are 
the fixed costs of raising and maintaining a ewe and buck, not the 
variable costs of raising the lamb. Variable costs are defined as 
those expenses that are incurred in the production of a lamb or, 
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conversely, those expenses that would be eliminated immediately if the 
ewe was not even bred or upon death of the lamb at any given time. The 
variable costs incurred exclusively in lamb production are: 1) breeding 
costs, 2) lambing costs, 3) trucking or shipping costs, 4) docking 
costs, 5) marketing costs, 6) herder and management labor, 7), feed 
and grazing costs, both the feed needed for the lamb and the additional 
feed used in flushing the ewe. The variable costs depend directly upon 
the number of lambs produced, as opposed to the fixed costs which are 
independent of the number of lambs produced. 
The sole means of assessing the value of a lamb is its sale value 
in the fall when the lamb is marketed. But when predation occurs before 
market time, the full cost of producing a lamb possibly has not yet been 
incurred by the stockman. So any difference between the total cost of a 
predation destroyed lamb and the total cost of a comparable marketed 
lamb must be accounted for if the exact price of a predation destroyed 
lamb is to be determined. Since total cost is equal to the fixed costs 
plus variable costs, this contention can be restated by saying, when 
predation occurs before market time, any additional variable costs that 
would have been incurred after the death of the lamb must be subtracted 
from the market price to determine the exact value of that lamb. Return-
ing to the list of variable costs of lamb production, those costs that 
would affect lamb valuation by altering the total cost of lamb pro-
duction can now be selected. These costs are the trucking, docking, 
marketing, labor and feed costs. The lambing costs, breeding costs and 
flushing feed are eliminated because they are a fixed investment in the 
lamb at its birth, before predation-can occur. The magnitude of the 
remaining variable costs must be determined before lamb value can be 
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assessed accurately. Some of the costs will be so insignificant that 
their inclusion or exclusion will not affect the lamb value, while other 
costs are fixed within certain economies of scale and their impact upon 
lamb value would be impossible to ascertain. 
The trucking and labor costs are two such costs that are fixed with-
in certain economies of scale. The trucking costs, whether contract 'or 
private, are fixed within the equipment capacity so that a percentage 
decrease in lamb crop does not necessarily mean an equivalent percentage 
decrease in trucking costs. The equipment capacity is flexible enough 
so that even when coyote predation averaged as high as a 6.6 percent 
reduction in lamb crop in 1972 it is doubtful that the cost of trucking 
would have been affected at all. 
The situation is similar with labor costs. There is an optimum 
herd size for most herders. In the winter the number of ewes per herd 
average 2,400 head, while summer bands are smaller, 800 to 1,200 ewes 
(Goodsell, 1971). Also in the summer as many as four or five separate 
bands of sheep will be managed by one herder while other bands are 
allowed to graze freely being checked only periodically by the owners. 
With this much variability in optimum herd size, even the highest pre-
dation rates monitored by this study would not affect the number of 
herders hired. 
Docking is usually scheduled approximately twelve days after birth. 
Only when lamb predation occurs before this time could the variable 
costs of docking be reduced. The salary received by a herder averages 
$400 a month. When one man can dock, at a minimu~ 200 lambs a day, the 
average cost of docking each lamb is $.07. It is obvious that this per 
unit cost is insignificant and would not appreciably affect lamb value. 
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In the early summer a lamb begins to depend upon forage rather than 
the ewes milk for a larger proportion of its nutritional requirement. 
But even for a few weeks before birth and until weaning time, a lamb 
consumes some additional 'feed or forage in an indirect way, through the 
lactating ewe, who requires some additional feed or forage above that 
required for maintaining a ewe. Even though less forage is needed for 
maintaining a ewe, this savings in forage cannot be realized without 
reducing the feed consumption of the dry ewe which is impossible when 
the dry ewes are grazed or fed with the herd. Therefore, any savings 
in forage is due to a reduction in lamb crop. Whether or not this 
savings in forage can be internalized economically is questionable. For 
a migratory sheep operation, the summer ranges provide the forage that 
is utilized directly by the lambs. If this summer range is privately 
owned by the rancher or leased deeded land, the forage which is not 
consumed and left standing has no direct economic value. The rancher 
has no way to capture the value of the forage unless it is utilized by 
the sheep. If these summer ranges are public lands, a grazing fee is 
assessed based upon the number of ewes and the length of their grazing 
tenure, not on the number of lambs, which makes grazing fees entirely 
independent of the lamb crop. Whether or not the summer ranges are 
publicly or privately owned, the grazing fees or land payments are not 
a variable cost that predation could reduce, thus affecting the valua-
tion of a lamb. 
The final category of costs on the list of variable costs incurred 
in lamb production is the cost of marketing. In the intermountain region 
lambs are marketed through two principal methods--lamb pools and 
contract buyers. In late September all the sheep are brought into the 
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loading corrals. There the market lambs are separated from the ewes and 
the replacement ewes and loaded onto the contract buyer's trucks. At 
this time or upon weighing of the lambs, the lambs become property of 
the buyer. With the contract buyer system, the rancher pays nothing to 
market the lambs. 
It can be concluded that all the significant variable expenditures 
of lamb production are fixed in the lamb at its birth, before predation 
can occur--that the full cost of producing a lamb has been incurred at 
birth. So lamb value in Iron County can be approximated by an average 
lamb sale value for the respective years in which the losses occurred. 
Using an average market weight of 88 pounds (Goodsell and Belfield, 
1973) for lambs marketed from migratory sheep ranches in Utah and the 
average price per hundred weight of lambs sold in years 1971 through 
1975 (Statistical Reporting Service, 1976), the following lamb values 
were obtained for those respective years. 
Table 11. Computation of the price per head of lamb in Utah. 
Year $/cwt. Average market $/lamb 
weight of a lamb 
1972 27.025 x .88 = 23.78 
1973 33.90 x .88 29.83 
1974 35.36 x .88 = 31.12 
1975 39.77 x .88 = 34.99 
Ewe value 
A ewe can be considered a fixed capital investment for the pro-
duction of the joint products lamb and wool. Just as other capital 
assets the rancher invests in, a ewe depreciates as the ewe ages 
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leaving as salvage, the value of the ewe as mutton. 
The value of a replacement ewe can approximate the capital invest-
ment that is lost when a ewe is killed by predators. This must be a 
value for an average replacement ewe or stock ewe not the price per 
hundred weight of mutton which reflects the value of cull ewes. For 
predation seems to be irrespective of the age class or condition of the 
ewe. So to approximate ewe value, the value per head of stock sheep 
will be used for the respective years in which the losses occurred. 
According to the Statistical Reporting Service (1976), these values for 
Utah are listed in Table 12. 
Table 12. Price per head of stock sheep in Utah. 
Year 
1972 
1973 
1974 
1975 
dollars per head of stock sheep 
26.50 
32.50 
39.50 
38.50 
Value of predatory lamb losses 
The total lamb predation losses occurring in the years 1972 to 1974 
for herds 1 through 10 are recorded in Table 2. 
To find the direct income loss of lamb predation the yearly preda-
tion loss (Table 2) is multiplied by the price per lamb (Table 11). The 
monetary value of predatory lamb losses for the ten study herds for the 
years 1972 to 1974 I-s- computed in Table 13. 
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Table 13. Computation of the direct income 1088 of predatory lamb 
108ses, herds 1-10, years 1972-1974. 
Year dollars per lamb lamb losses dollars 
1972 23.78 x 1273 = 30,271.94 
1973 29.83 x 829 24,729.07 
1974 31.13 x 926 = 28,817.12 
TOTAL $83,818.13 
In the second phase of the study during 1975 the number of study 
herds in the sa~le was reduced to three of the original ten (herds 1, 
3 and 5). The ~~tal lamb predation losses for herds 1, 3 and 5 are 
recorded in Table 3. 
The direct income losses of lamb predation incurred by herds 1, 3 
and 5 is computed by multiplying the results of Table 3 and Table 11 for 
the respective years 1972 through 1975 (Table 14). 
Table 14. Computation of the monetary value of predatory lamb losses, 
herds 1, 3 and 5, years 1972-1975. 
Year 
1972 
1973 
1974 
1975 
dollars per lamb 
23.78 
29.83 
31.12 
34.99 
Value of predatory ewe losses 
x 
x 
x 
x 
Predatory lamb 
losses 
603 
326 
403 
158 
TOTAL 
= 
= 
== 
= 
dollars 
14,339.34 
10,619.48 
12,541.36 
5,528.42 
$43,028.60 
The number of ewes killed in the spring and summer by predators 
during the study was negligible, totaling only 17 verified kills during 
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the four years. The verified ewe predation was recorded in Tables 2 
and 3. 
Again, as is the case with the valuation of lamb losses, the 
value of ewe losses is computed for: (1) herd 1 through 10 for the 
years 1972 through 1975 (Table 16) and (2) the reduced sample of herds 
1, 3 and 5 for the years 1972-1975 (Table 17). 
Table 15. Computation of the monetary value of verified ewe predation, 
herds 1-10, years 1972-1974. 
Year dollars per stock sheep 
1972 26.50 x 
1973 32.50 x 
1974 39.50 x 
Predatory 
losses 
0 
7 
10 
TOTAL 
ewe dollars 
o 
227.50 
395.00 
$622.50 
Table 16. Computation of the monetary value of verified ewe predation, 
herds 1, 3 and 5 years, 1972-1975. 
Year dollars per stock sheep 
1972 26.50 x 
1973 32.50 x 
1974 39.50 x 
1975 38.50 x 
Predatory 
losses 
0 
4 
3 
0 
TOTAL 
ewe 
= 
= 
= 
dollars 
o 
130.00 
118.50 
o 
$248.50 
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Table 17·. Computation of predatory lamb losses statewide, 1972-1975. 
Year S.R.S. lambs saved Predation rate* 
(Loss per 100 
lambs docked) 
Predatory 
lamb loss 
1972 
1973 
1974 
1975 
713,000 
635,000 
578,000 
502,000 
x 
x 
x 
x 
6.955 
4.699 
5.814 
2.886 
= 49,589 
= 29,839 
= 33,605 
= 14,488 
Total 127,521 
*1972-1974 predation rate is from herds 1-10, 1975 is from herds 1,3 
and 5. 
Indirect Income Losses to the Entire 
Economy of Utah 
An expansion or contraction of one economic sector meaning an in-
crease or decrease in expenditures for inputs doesn't terminate with 
the initial expansion or contraction but continues with a smaller 
secondary change, a yet smaller tertiary change and continues inde-
finitely, each subsequent round producing an almost undetectable change 
in the level of economic activity in the other sectors of the economy. 
A multiplier assesses the impact of the change in demand of any sector 
upon employment, income or output in the total economy of a region--
in this case, Utah. When specifically applied to the issue of predation 
losses to the livestock sector of the economy, this means that the 
foregone income resulting from predation losses reduces expenditures 
in the livestock industry and dependent households and through the 
multiplier effect reduces the income of all other sectors of Utah's 
economy. 
Number and value of predatory lamb 
losses statewide 
Throughout this thesis those herds that were selected for study 
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from the Cedar City Wool Growers Association have been referred to as 
sample herds. Their mode of operation was described in Methods of 
Procedure as characteristic of migratory-sheep operations throughout 
the Great Basin. It is tenable whether or not these sample herds are 
representative of all aspects of migratory-sheep operations in that 
same region (particularly predator related problems). But with some 
certainty these sample herds can be considered as a random sample of 
a population of migratory-sheep operations larger than those of Iron 
County. The boundary of the population would not arbitrarily end at 
the Iron County line, but would be applicable to the population of 
sheep herds where the factors that affect the rate of predation are 
somewhat similar. Yet exactly where boundaries should be delineated 
in terms of similar ranges grazed by migratory-sheep is not clear. 
The only convenient delineation of the population boundaries is the 
state boundaries of Utah. No other recourse is available since the 
Statistical Reporting Service (S.R.S., 1976) data available are not 
compiled for each county on a yearly basis but are only tabulated 
statewide for Utah. 
Thus Iron County or adjoining counties can't be isolated as the 
population sheep herds. It is recognized that first choosing the 
sample then second deciding what population the results represent is not 
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entirely valid. Due to this shortcoming and the fact that the limited 
number of sample herds may not warrant such a liberal extrapolation of 
results to the entire state, some discretion is advised. 
The Statistical Reporting Service (S.R.S., 1976) computes yearly 
for Utah a figure entitled number of lambs saved. This is the number 
of lambs docked or branded, tabulated from farm-flocks as well as 
migratory-sheep operations. An equivalent count is taken in the study 
herds, the docking counts. Upon this count is based the rate of preda-
tory lamb loss in the sample herds (refer to Table 6). If the impor-
tant assumption can be made that the study herds are a random sample of 
predation losses in the state then a like percentage predation loss as 
occurred in the sample likewise reduces the number of lambs saved 
statewide. 
Proceeding upon that assumption a statewide predatory lamb loss 
is calculated by multiplying the Statistical Reporting Service lambs 
saved figure by the rate of predation from Table 6 that occurred in 
each respective year. 
Table 18. Computation of the value of predatory lamb losses statewide, 
1972-l975~ 
Year Predatory lamb loss $ per lamb $ Loss 
1972 49,589 x 23.78 = 1,179,226.42 
1973 29,839 x 29.83 = 890,097.37 
1974 33,605 x 31.12 = 1,045,787.60 
1975 14,488 x 34.99 = 506 2935.12 
Total 3,622,061.51 
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Bradley (1968) defined and quantified two such income multipliers 
for the state of Utah. The Type I income multiplier which was defined 
for each processing sector as the sume of the direct and 
indirect household payments, divided by the direct household 
payments ••• The Type II income multiplier is defined as 
the sum of the direct, indirect, and induced income payments 
divided by the direct income payments. The Type II income 
multiplier is larger than the Type I because it includes the 
induced income payments resulting from a change in consumer 
expenditures as well as the interindustry reactions and their 
effects on income. (Bradley 1968, p. 3) 
Both multipliers ranked second in magnitude of the 39 defined sectors 
in Utah's economy--the Type I calculated at 2.781 and the Type II at 
4.330. 
Based on the direct income losses in the state of Utah (Table 19) 
the indirect or the multiplier effects of that income loss was computed 
in Table 20. 
Table 19. Indirect income losses to Utah's economy resulting from lamb 
predation. 
Direct income Type I Type II 
Year loss from Table 19 multiplier multiplier 
1972 $1,179,226.42 $ 3,279,428.67 $ 5,106,050.40 
1973 890,097.37 2,475,350.79 3,854,121.61 
1974 1,045,787.60 2,908,335.32 4,528,260.31 
1975 506 2935.12 1 2409 2786.57 22195,029.07 
Total $3,622,061.51 .$10,072,911.35 $15,683,461.39 
Several cautions should be noted that (1) this input-output analysis 
and multipliers are severely outdated, the technology coefficients that 
determine these could have been radically altered, and (2) the rounds 
of contraction resulting from predatory losses aren't instantaneous, a 
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considerable time lag can be expected before the entire detriment is 
realized by Utah's economy. 
Summary of the costs of predation 
The first cost of predation--the value or direct income loss 
resulting from the lamb predation has been determined for the firm and 
the region. In addition the multiplier effects of this foregone income 
to all sectors of Utah's economy have been calculated. The second cost 
Table 20 • Verified predation losses by species of predator--
expressed as a percentage of the total verified predator 
kills occurring in that year. 
Year Species of Number of verified Percentage of 
predator predator kill total 
1972 Coyote 331 100 
1973 Coyote 263 89.2 
Cougar 30 10.2 
Bear 2 .6 
1974 Coyote 426 94.1 
Cougar 9 2.0 
Bear 2 .9 
Domestic dog 12 2.6 
Domestic pig 4 .4 
1975 Coyote 104 91.9 
Cougar 9 8.1 
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of predation--the costs incurred in attempting to control predators have 
not been included. Because estimates of these expenditures for the 
sample herds weren't available. The Bureau of Sport Fisheries and 
Wildlife predator control budget was available for the Iron County area. 
But the portion of that budget that was expended strictly on the sample 
herds was not discernible. The same was the case with bounty payments. 
The individual rancher expenditures for private predator control was 
entirely unavailable. Because of this gap in the data the predator 
control costs were not estimated. Therefore, those values computed 
as the direct income losses (Tables 13, 14.and 19) and the multiplier 
income losses (Table 20) understate the total costs of predation by the 
amount spent in predator control. 
Coyote Populations, Predatory Sheep Losses, and 
Coyote Control Relationships 
In 1972, 100 percent of the lambs verified by the researchers as 
predator kills were killed by coyotes. In 1973 this percentage dropped 
to 89.4. But again in 1974 the percentage of coyote kills approached 
100 percent reaching 94.5. percent. It became apparent, particularly in 
the Cedar City area, that the major cause of predation losses in sheep 
is the coyote (refer to Table 20). While other predators--bears, lions, 
and domestic dogs--inf1icted only incidental losses. Correspondingly, 
most predator control efforts are aimed at coyotes. Coyote control 
practices can be categorized according to their general function (1) 
population reductions or popularly termed prophy1atic control, (2) 
control of specific problem animals, and (3) experimental and research 
methods of coyote control. 
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The population reduction methods of coyote control are not directed 
at the elimination of a specific coyote, but efforts are indiscriminate, 
aimed at reducing or eradicating the coyote population in an area in 
which particularly heavy lamb predation has occurred or is anticipated. 
Of course, a specific problem coyote is often killed by these means, 
but intent differs in that this type of coyote control is undertaken 
to prevent the anticipated lamb losses in that locale, not to rid the 
rancher of a particularly troublesome coyote after the lamb losses have 
occurred as with specific control. 
Coyote populations and coyote control 
How effectual is coyote con~rol in reducing the coyote population 
in a given area? MOst certainly those control efforts that are aimed 
at a particularly destructive coyote would not have a great effect on 
the total coyote population--but what of the population reduction 
methods used in an area? 
Coyote populations undergo radical cycles in numbers both short-
term and long-term. Peaks in the short-term cycles occur every 5 to 12 
years, distinguishable from a long-term depression in coyote numbers in 
which several short-term cycles may occur. Reasons for these short-term 
cycles are not clearly defined. Grier (1957) suggested that 'coyote 
pop~lations are limited by (1) food supply, (2) parasite diseases and 
internal strife and (3) the level of coyote control. Food supply may 
be of paramount importance, particularly when one species of prey con-
stitutes a major proportion of the food base for coyotes in that area. 
Clark (1972) found that when jackrabbits constituted a major proportion 
of the diet, that the density of jackrabbits varied independently of the 
coyote population and affected the rate of coyote population change 
either through changes in reproductive or mortality rates or both. 
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Clark also observed in the same study that coyote numbers varied as 
much as sevenfold in a seven year period, in the presence of intensive 
control efforts. This doesn't imply that predator control efforts don't 
significantly effect coyote populations but that the relative impor-
tance to these other factors is not known. 
A computer simulation model of coyote population dynamics (Connolly 
and Longhurst, 1975) showed that at all but the very highest levels of 
control a coyote population can be maintained and quite possibly in-
crease. MOre specifically the model showed that even if 75 percent of 
the coyotes are killed each year, the population would not be exter-
minated for over 50 years. This prediction by simulation model only 
partially compensates for the lack of data on the subject. 
What data are available on control and coyote populations is in 
reference to the use of 1080 compound and its impact on coyote popula-
tions. Cain et al (1972), Wagner (1972), and Wagner and Pattison (1973) 
plotted a crude index of relative coyote population change (number of 
coyotes taken per man-year-of-effort) against the years before and after 
intensive use of 1080 compound. The intensive use of 1080 compound pro-
duced a significant reduction in that index of coyote population change. 
Despite this disparity of opinion on the effects of control on 
coyote populations the general consensus seems to be that any method of 
control if applied in sufficient quantity will produce some reduction in 
population. This principal is termed in economics as diminishing 
marginal returns to the variable factor of production (coyote control). 
If a reliable index of coyote population is plotted against varying 
85 
amounts of a specific method of control the function will be negatively 
sloping. Intuitively this means that for each additional coyote killed 
control efforts will have to be intensified. Of course these control 
efforts would have to be applied over a sufficient period of time so 
that short-term fluctuations become discernible from the long-term 
depression in population due solely to the level of coyote control 
applied. 
Coyote populations and predatory lamb losses 
Before expenditures are made to reduce a coyote population to an 
acceptable level a basic question needs to be answered. To what degree ~ 
does coyote density determine the number of sheep lost to predation? 
The answer to this question is more urgently needed than that of the 
coyote population and control intensity question. For if the sheep 
losses are independent of coyote density then funds spent for population 
reduction methods of coyote control are obviously wasted. Conversely, 
if sheep losses and coyote density are correlated, an optimum rate of 
coyote control needs be determined to maximize the economic efficiency 
of the funds spent for predator control. 
Again, the only facts that are available are in reference to the 
use of 1080 compound. Wagner and Pattison (1973 p. 31) reported that 
••• analyses of postdocking lamb losses due to all 
causes reported by S.R.S. do show a reduction in these losses 
following initiation of 1080 and decline in coyote densities 
in the middle states of Nevada, Utah and Colorado ••• the 
weight of evidence, though still unequivocal, now seems 
to favor the view that there is a rough correlation between 
coyote densities and the level of predatory losses. 
These conclusions were drawn from data collected on a state wide basis 
from Utah over a twenty year period, 1941 to 1960. The introduction of 
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1080 produced a long-term reduction in coyote population across the 
entire state and this was reflected in a decline in sheep losses for 
those years. As discussed previously, the short-term fluctuations in 
coyote density may be even more pronounced than a long-term reduction 
in coyote density. Despite what caused these short-term fluctuations 
in coyote density--food base, disease, control--their subsequent effect 
on sheep losses is largely unknown, particularly in conjunction with 
other factors that may determine the level of predation. Most cer-
tainly the management practices of the individual rancher would figure 
greatly in determining the level of predation incurred by that herd, 
specifically those management techniques that act as coyote deterrents 
such as constant herding and nightly corralling of the sheep. 
But if these management practices could be assumed to remain 
constant then four different hypotheses could be suggested as how 
coyote density and predation losses correlate. Figure 9 depicts the 
four hypothetical functions. 
The first function is a linear function, with a slope of O. If 
this were the case then there is no correlation between coyote density 
and sheep losses. 
The second function is a concave function that increases at an 
increasing rate (first derivative is positive sloping). This function 
would indicate that as coyote density increases the amount of predatory 
loss per coyote would also increase. This increase in predation per 
coyote w~uld also increase. This increase in predation per coyote 
could possibly be due to an increased coyote density depleting the 
natural food base and thus resorting to increased sheep predation to 
supplement the diet. 
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The third function is a linear function with a slope of one, which 
would indicate that all coyotes inflict an equal amount of loss or 
each given number in the total coyote population inflicts an equal loss 
regardless of the population density_ 
The fourth function is a convex function that increases at a 
decreasing rate (first derivative is negative sloping). This would mean 
that as coyote density increases the number of sheep killed by each 
coyote decreases. 
Whatever this function is found to be it will have direct effect 
on the optimum amount of coyote control to be applied to obtain a 
decrease in the number of sheep lost to predators. As previously 
mentioned, if function I holds true and sheep losses are independent 
of coyote density the control efforts aimed at reducing coyote density 
predatory 
sheep 
losses 
coyote density 
Figure 9. Hypothical correlation between coyote density and predatory 
sheep losses. 
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are wasted. However, if either functions II, III, or IV best explain 
the correlation between sheep losses and coyote density, then some 
level of coyote control aimed at reducing coyote density is warranted. 
These functions, II, III and IV, are measures of the effectiveness of a 
reduction in coyote density to reduce the number of sheep destroyed by 
predators. If function III is correct then a constant number of sheep 
will be saved for reduction in coyote density. If, on the other hand 
function IV best explains this correlation then the resident coyote 
population will have to be virtually exterminated before significant 
reduction in predatory losses is achieved. The opposite is true if 
function II best explains this correlation, only a small reduction in 
coyote density is needed to cause a drastic reduction in predatory 
losses. 
Coyote populations in the study area 
There are two distinct range types in the study area: (1) the low 
elevation desert ranges used for spring and winter grazing and (2) the 
high elevation mountain ranges used for summer ranges. To discuss 
coyote populations for the study area in the aggregate would be a 
mistake. Both range types are subject to differing population dynamics 
and limiting factors. A cursory estimation by research personnel of 
coyote density indicates that the desert is more densely populated than 
the mountain. But the exact resident population on either habitat type 
is not known and data doesn't exist to substantiate this difference. 
It can only be speculated, that possibly the snow depth on the mountain 
limits the food base in a critical season and thus limits the resident 
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population of coyotes, while on the desert an adequate year-round food 
base exists. 
Attempts were made to measure relative coyote population changes 
in the Cedar City area during the tenure of the study, in hopes of 
correlating coyote density with coyote control and predation losses. 
But at the initiation of the study no provisions were made to monitor 
coyote density, such as scent post transects or tagging counts. So an 
indirect index of relative coyote population change was considered--
tabulation of the number of coyotes bountied in Iron County. The number 
of coyotes bountied has been used in previous research as a crude 
index of the changes in coyote population, but by no means was it meant 
to be a measurement of coyote density in an area. The logic supporting 
this index is that most coyotes that are bountied are killed as a result 
of an incidental sighting or trapping not as a result of an organized 
coyote control program. So as the population increases or decreases 
the frequency of these incidental killings and subsequent bounties 
responds accordingly. But this index is also a function of other 
factors (1) changes in fur prices, (2) amount of hunting pressure, (3) 
the number of professional trappers in the area, and (4) bounties in 
adjacent states. 
The bounty index was discarded as a measure of coyote population 
change. It was felt that these other factors exerted too much 
influence over the number of coyotes bountied for this to be accurate. 
In particular, a dramatic increase in coyote pelt prices occurred during 
the study which increased the incentive for trapping. However, over a 
longer period of time, bounties can approximate the ~relative long-term 
changes in coyote populations. The principal reason for discarding any 
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index was that any index of relative population change or even coyote 
density, no matter how accurate, would be meaningless when monitored 
for the four years this study was conducted. When coyote populations 
undergo short-term cycles every 5 to 12 years, the four year period in 
which the study was conducted would not be sufficient time to distin-
guish if control had any effect on coyote density. For example, if 
coyote density was on a down-swing, it would be too easy to miscon-
strue a significant correlation between coyote density and control to 
mean that coyote control was the cause of drastic reductions in coyote 
density, an erroneous conclusion. 
In the absence of relative long-term data on coyote populations 
the two questions of (1) the correlation between coyote population and 
coyote control and (2) the correlation between coyote populations and 
predator sheep losses can't be answered by this study. 
Production Function MOdel 
Production function theory 
The cost model achieved profit maximization by adding predator 
control expenditures to the existing lamb production budget, which has 
been irretrievably committed for that production cycle. In the long run 
coyote control can be substituted for other lamb production factors to 
achieve a given lamb crop providing that coyote control was an effective 
means to increase the crop. Substitution of production factors implies 
an isoproduct function for lamb production. 
To illustrate an isoproduct model the number of factors must be 
simplified f~om the numerous factors actually employed in lamb production 
to two factors. Since coyote control is of paramount interest that 
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factor will be isolated. The remaining factors or proportion of each 
fact that contributes to lamb production will be aggregated into a 
single factor. The single isoproduct curve is then the focus of 
points of all possible combinations of the two inputs to obtain a given 
level of lamb crop. The isoproduct function for the two factors is: 
c = f (x,y) 
where c is a constant quantity of lamb produced 
X is the quantity of coyote control employed 
Y is the quantity of all other factors used in lamb 
production. 
The rate at which coyote control expenditures (x) can be substi-
tuted for other factors of lamb production (y) and maintain a constant 
level of production is expressed as the marginal rate of technical 
substitution (MRTS). The MRTS of x for y is: 
a x 
ay 
Geometrically this is the slope of the isoproduct curve. 
Without digressing into the properties of two dimensional iso-
product curves it should be noted that isoproduct curves are: (1) 
convex to the origin, (2) negatively sloped within the relevant range 
of production and, (3) never intersect. 
Using the isoproduct function for x and y as set of production 
function for lamb can be defined as: 
Q == f (x, y) 
where: Q is the variable quantity of lamb produced 
By holding y at an arbitrary constant and starting with no coyote con-
trol (x) each successive increase in coyote control (x) will attain a 
greater isoproduct curve. Thus: Ql = f (x, Yl)' Q2 = f (x t Y2) and 
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Figure 10. Derivation of production function using isoquants. 
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so forth for each level of Q with the fixed amounts of Yl' Y2 • • of 
the input y. This defines a set of production functions for the fac-
tor x -- coyote control. A single curve is the physical relationship 
showing the maximum amount of product (lamb) obtainable for each 
successive increment of coyote control employed by the rancher. 
The graphic derivation of the production function for coyote 
control is shown in Figure 11. The notation is the same. 
Formulation of the production function 
The conceptual framework concerning production functions has been 
reviewed, now attention can be focused on derivation of a production 
function. 
The relationship between coyote control and lamb crop would not 
be strictly curve-a-linear--all points of correlation falling directly 
on a given function. Therefore a regression is needed to approximate 
the relationship between the coyote control efforts that were employed 
throughout the winter, spring and summer and the resulting lamb crop 
marketed in the fall. Several approaches are available and are dis-
cussed in depth in Heady and Dillon (1972). The exact algebraic form 
of the regression equation is not set forth because it cannot be deter-
mined on an ~ priori basis lacking data on one of the variables, con-
control expenditures (refer to: Summary of Costs of Predation). Sel-
ection must be made on the basis of R2 or F ratio magnitude with a 
complete set of data. 
Lamb crop was chosen among the other joint products produced by 
a ewe as the ordinate in the regression because lamb predation is the 
principle target of coyote predation. Thus any positive results from 
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Figure 11. Summary of results from a regression derived production 
function. 
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a coyote control program will be reflected in an increased lamb crop. 
Lamb crop percentages or totals are easily obtainable. 
The abcissa in the regression is designed as coyote control. 
Control efforts can be measured by man hours of trapper time, heli-
copter hours or airplane hours. But if more than one method is 
employed then all must be reduced to a common denominator--dollars. 
Estimation of control expenditures weren't available for study. 
Assumptions. In deriving the production function three assump-
tions must be made: (1) that the coyote control methods employed are 
of a continuous or average quality, (2) that other factors affecting 
lamb losses are constant and (3) the level of all other factors re-
main constant in both quantity and quality. 
The first assumption is necessary because coyote control efforts 
are of such varied quality. That is not to suggest that each method 
of control be of equal efficiency (e.g. toxicants don't have to equal 
trapping in efficiency) but that each time any method is applied it 
is the same quality. This assumption may be relaxed if in the aggre-
gate all control efforts could be considered of an average quality. 
Concerning the second assumption--other factors which affect lamb 
crop can be operative, but the influence they exert must be constant 
so that the effect of coyote control becomes discernible from other 
influences. 
Production function characteristics. In the absence of sufficient 
data concerning control expenditures the characteristics of the produc-
tion function can only be hypothesized. 
From the discussion concerning coyote populations and coyote con-
trol. coyote control was concluded to exhibit diminishing marginal 
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returns in terms of reducing coyote density. If coyote density is to 
some degree positively eorr~lated with predator lamb losses as suggest-
ed by functions II, III, and IV of Figure 10 the production function for 
coyote control also exhibits a diminishing marginal physical product 
(MPPx which is the slope of production function ~ is declining). 
. a x 
Rare is the case of a ranch that doesn't employ varying level of 
coyote control. Thus the number of lambs saved from coyote predation 
can't be determined for an area because lamb crop in the absence of 
control efforts can't be ascertained. In plotting the regression 
sample points will not oe available as coyote control efforts approach 
zero. The regression line will have to be extrapolated to the ordinate 
intercept. The ordinate intercept will then be the lamb crop in the 
absence of coyote control. Subtracting the minimum lamb crop (ordinat~ 
intercept) from the lamb crop produced in any year will 'yield the number 
of lambs saved from coyote predation through the efforts of that corres-
ponding amount of coyote control. The monetary value of the lambs saved 
from predation divided by the level of predator control expenditures 
made to obtain those lambs yields a benefit-cost ratio to measure the 
efficiency of a control program. 
Optimum rate of control 
The economic optimum isn't saving the maximum number of lambs, 
but maximizing lamb crop subject to a price constraint. At the point 
of optimization the marginal revenue of the lamb crop will equal the 
marginal costs of production. 
The price line is the locas of all combinations of x and y which 
cost some fixed amount. With the two input models the price line is: 
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where M is the total budget the rancher has available 
to spend on lamb production, 
Px and Py are the prices of the respective inputs. 
Since the prices of the input"are fixed, the price line will be linear 
with the slope of -P Ip . 
x Y 
Now that both price line and the production function have been 
defined the optimum rate of predator control can be formulated. To 
optimize lamb crop the firm is striving to maximize Q (Q = F (x, y) 
subject to a constraint M (M - P X = P Y). To obtain the Lagranian 
x y 
expression for maximization the constraint is set to zero and multiplied 
by an artificial variable A: 
A (PxX = PyY - M) = 0 
Subtracting this from the function that is to be maximized, the Langran-
ian expression is: 
The expression is maximized by setting its partial derivations to zero 
to obtain: 
a f a Q A 
3 A = -- = 
a Q A = 
a A 
a x 
a f 
a y 
_ A P 
Y = 0 
This system of simultaneous equations can be solved for the optimum 
amounts of the inputs X and Y. At the optimum the ratio of the marginal 
physical products of the two inputs equals the positive slope of the 
price line: 
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An algebraic equivalent of that optimum would define the least-
cost combination of control methods by equating the marginal physical 
product~price ratio of each control method: 
where: the numerical subscript denotes a method of control. 
Limitations of the model. The model has a severe limitation in 
that the area, or scope of applicability of the model may be restricted 
to such a limited area that it becomes meaningless. The ANOV computed 
in Tables 8 and 9 showed that lamb losses varied significantly between 
herds and seasons. It can also be expected that the level of coyote 
control will also vary between herds and seasons. Thus there would be 
an optimum level of control unique to each ranch and the seasonal 
ranges within that ranch, avery small area of applicability. Perhaps 
though an aggregate production function with some loss of resolution 
would adequately characterize the coyote control-lamb crop relationship 
over a broader area to determine the optimum intensity of control ef-
forts for that area. 
The factor coyote control was defined as the amount of coyote con-
trol employed in one production cycle preceding the marketing of lambs 
in the fall. Quite possibly coyote population reduction efforts could 
heavily effect lamb losses in subsequent years. So that coyote control 
efforts employed in any production cycle plus a carry-over from previous 
years coyote population reductions may determine the level of predation 
incurred in that year. Such lag effects would be difficult to assess 
and incorporate into the modei. 
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Summary of model. Three pertinent answers could be garnered from 
a production function model: (1) The number of lambs saved from coyote 
predation for use in benefit-cost ratio, (2) The least-cost combination 
of control methods and most importantly, (3) The optimum rate of pre-
dator control. Implementation of the model would provide guidelines 
toward the optimum coyote control program. Excessive coyote control 
expenditures where insufficient returns are realized could be eliminated. 
Also inadequate control programs could be bolstered thereby economically 
increasing lamb crop. 
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SUMMARY AND CONCLUSIONS 
Since the initiation of this study in 1972 reports of widespread 
predator damage of the magnitude estimated by this study have gained 
considerable credibility. This is why a verification type study was 
chosen over a survey type format in hopes that when each sheep carcass 
was individually examined and autopsied by qualified researchers that 
the resulting data would provide an irrefutable base from which an 
economic analysis could be made. 
Three basic facts were gathered through the field work on this 
study: (1) total lamb losses, (2) the number of lambs verified as 
predator kills and (3) the number of lamb losses from natural causes. 
MOst l~mb carcasses were not discovered by the researchers. 
Thus fulfilling the first major objective of the thesis estimates were 
made to obtain a total predatory lamb loss. The proportion of veri-
fied predator losses in the lamb carcasses that were examined was 
extrapolated to the entire lamb loss to estimate the total predation 
loss. 
Seasonal, yearly and between herd variations in the total 
predator loss were discussed. 
A total and average cost model was presented to give some insights 
into the economic effects that predation losses have on the cost 
structure of the rancher. From the theory to the specific--valuations 
of direct and indirect cost of predation losses were made. 
Perhaps the critical issue in predation economics is not assess-
ment of damage but resolving of an optimum rate of predator control 
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which is socially, economically and ecologically acceptable. The 
biological and economic facets of the issue were integrated when 
discussing the relationship between coyote populations, sheep losses 
and predator control. Lacking pertinent data on coyote population 
density and predator control expenditures these problems can only be 
outlined and posed as critical topics for future research. 
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APPENDIX 
ITab1e 21. A summary of data for herd 1. 
Year Lamb counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
end Cn Off lamb predatory losses losses ewe lamb from preda.tory predatory 
Season losses lamb from from losses losses known losses lamb 
losses natural unknown causes losses 
causes cayses 
1972 
Spring 1213 1110 103 0 103 0 0 103 103 0 0 
SUI:lI!ler 1957 1749 207 58 7 17 0 82 65 123 181 
Fall-winter 3 3 
'IOTAL 3170 2859 310 61 110 17 0 185 168 123 184 
1973 
Spring 1222 1105 117 2 110 0 1 112 112 0 2 
S~er 1836 1741 95 31 4 0 0 95 35 52 83 
Fall-winter 1 1 
TOTAL 3058 2846 212 34 114 0 0 207 147 52 86 
1914 
Spring 1199 1054 145 0 143 0 0 143 143 0 0 
Summer 1054 991 65 35 8 0 1 62 43 16 51 
Fall-winter 0 0 
TOTAL 2253 2045 210 35 151 0 1 205 186 16 51 
1975 
Spring 1248 1147 101 0 101 0 0 101 101 0 0 
SlJ.":lr.ler 1147 1102 45 18 3 0 0 45 21 21 39 
Fall-winter 0 0 
TOTAL 2395 2249 146 18 104 0 0 146 122 21 39 
1972-1975 
Spring 4882 4416 466 2 457 0 1 459 459 0 2 
Su=uner 5994 5583 412 142 22 17 1 181 164 212 354 
Fall-winter 4 0 4 .,:a 
GRAi:D TOTAL 10876 9999 878 148 479 17 2 640 623 212 360 0 0\ 
Table 22. A summary of data for herd 2. 
Year Lamb counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
and On Off lamb predatory' losses losses ewe lamb from predatory predatory 
season losses lamb from from losses losses known losses l~b 
losses natural un.k::own causes losses 
causes causes 
1972 
Spring 2346 2316 30 0 30 0 0 30 30 0 0 
Summer 2316 2164 152 13 1 1 0 15 14 116 129 
Fall-winter 2 2 
TOTAL 4662 4882 182 15 31 1 0 45 44 116 131 
1973 
Spring 2425 2403 22 1 21 0 0 22 22 0 1 
Sl..U!lmer 2403 2298 105 12 5 0 0 17 17 74 86 
Fall-winter 5 5 
TOTAL 4828 4701 127 18 26 0 0 39 39 74 92 
1974 
Spring 2460 2446 15 0 15 0 1 15 15 0 0 
SUI:li!ler 2446 2320 125 8 1 0 1 9 9 98 106 
Fall-winter 1 1 
TOTAL 4906 4766 140 9 16 0 2 24 24 98 107 
1972-1975 
Spring 7231 7165 67 1 66 0 1 67 67 0 1 
Summer 7165 6782 382 33 7 1 1 41 40 288 321 
Fall-winter 8 8 ...... 
GRPu~ TOTAL 14396 13947 449 42 73 1 2 108 107 288 330 0 ........ 
Table 23. A summary of data for herd 3. 
Year L8.:I.b counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
and On Ofr lamb predatory losses losses ewe lamb from predatory predatory Season losses lamb from from losses losses known losses lamb 
losses natural unknown causes losses 
!:D.Y.:U:s Qays!:s 
1972 
Spring 1859 1838 21 2 0 0 0 2 2 7 9 Summer 1838 1793 45 13 0 0 0 13 13 22 35 Fall-winter 1 1 
TOTAL 3697 3631 66 16 0 0 0 15 15 29 45 
1973 
Spring 2037 1920 117 9 31 0 0 40 40 29 38 Su:r.:ner 1920 1870 48 6 9 0 0 15 15 22 28 
Fall-winter 0 
TOTAL 3957 3790 165 15 40 0 0 55 55 51 66 
1974 
Spring 1972 1937 35 3 32 0 0 35 35 0 3 Sumc.er 1931 1830 101 16 7 0 1 23 23 57 73 Fall-winter 8 0 8 
'!'Or:L'AL 3909 3167 142 21 39 0 1 58 58 51 84 
1975 
Spring 1576 1566 10 2 8 0 0 10 10 0 2 Summer 1566 1545 21 5 3 0 0 8 8 9 14 Fall-wiI),ter 0 TOTAL 3142 3111 31 1 11 0 0 18 18 9 16 
1912-1975 
Spring 1477 7261 183 16 11 0 0 87 87 36 52 SUDl!ller 7261 7038 290 40 19 0 1 59 59 110 150 Fall-winter 9 9 
..... GRAlID TOTAL 14705 14299 413 65 90 0 1 146 146 146 211 0 00 
Table 24. A sUDa8ry of data for herd 4. 
Year La=1b counts Total Verified Lamb Laab Predatory-- Observed Losses SpecUlative Total 
and On 01"1" lamb predatory losses losses ewe lamb from predatory predatory 
Season losses lamb from from losses losses known losses lamb 
losses natural unknmm causes losses 
causes causes 
1972 
Spring 820 809 II 11 0 0 0 11 11 0 11 
SU=mler 809 748 61 18 2 3 0 23 20 32 50 
Fall-winter 
TOTAL 1629 1551 72 29 2 3 0 34 31 32 61 
1973 
Spring 513 493 20 8 2 0 0 10 10 10 18 
SU!lm!.er 493 483 10 4 1 0 1 5 5 4 8 
Fall-winter 
TOTAL 1006 976 30 12 3 0 1 15 15 14 26 
1974 
Spring 441 426 15 11 4 0 0 15 15 0 11 
Summer 426 345 81 2 1 0 0 3 3 62 64 
Fall-winter 
TOTAL 867 171 96 13 5 0 0 18 18 62 75 
1972-1975 
Spring 1114 1728 46 30 6 0 0 36 36 10 40 
Summer 1728 1576 152 24 4 3 1 31 28 97 121 
Fall-winter 0 
..... 
GRAl~ TOTAL 3502 3304 198 54 10 3 1 67 64 107 161 0 \Q 
Table 25. A summary of data for herd 5. 
Year Latlb counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
and On Off lamb predatory losses losses ewe lamb from predatory predatory Season losses lamb from from losses losses known losses l8.!!lb 
losses natural unknown causes losses 
cay,ses Cay,ses 
1972 
Spring 3478 3382 96 43 42 11 0 96 85 5 48 Summer 3382 3018 364 59 10 23 0 92 69 266 325 Fall-winter 6400 1 1 
TOTAL 6860 460 103 52 34 0 188 154 271 374 
1973 
Spring 3256 3214 42 10 32 0 0 42 42 0 10 
Summer 3214 3045 169 49 6 0 3 55 55 103 152 Fall-winter 12 12 
TOTAL 6470 6259 211 71 38 0 3 97 97 103 174 
1974 
Spring 3108 3039 69 46 23 0 0 69 69 8 54 Sucmer 3039 2824 215 102 7 1 7 no 109 96 198 
Fall-winter 16 16 
TOTAL 6147 5863 284 164 30 1 7 179 178 104 268 
1975 
Spring 2857 2762 87 37 26 2 0 65 63 13 50 SU1!Imer 2162 2705 57 51 4 2 0 57 55 2 53 Fall-winter 
TOTAL 5619 5467 144 88 30 4 0 122 ll8 15 103 
1912-1975 
Spring 12699 12397 302 136 123 13 0 212 259 26 164 
Summer 12397 11592 805 261 27 26 10 314 288 467 728 
Fall-winter 29 29 1-'. GRAND TOTAL 25105 23989 1107 426 150 39 10 586 547 493 921 I-' 
0 
Table 26. A summary of data for herd 6. 
Year La=b COll.'1ts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
3.."11 On Off lamb predatory losses losses eve lamb from predatory predatory 
S~ason losses 1a.'Ylb from from losses 1csses known losses 1a."D.b 
losses natural unkno-.m causes losses 
causes causes 
1972 
Spring 1550 1538 12 0 12 0 0 12 12 0 0 
S~er 1538 1403 135 25 0 14 0 39 25 103 128 
?a.ll-winter 3 3 
TC?A:" 3088 2941 147 28 12 14 0 51 37 103 131 
1973 
Spring 1447 1376 71 20 8 0 0 28 28 20 40 
Su.-:.=er 1376 1295 81 17 1 0 1 18 18 . 59 76 
?,all-.d.nter 19 19 
TO':'Al. 2823 2671 152 56 9 0 1 46 46 79 135 
1974 
Spring 1603 1540 63 43 20 0 0 63 63 0 43 
S'..l!:!!:ler 1540 1467 73 15 2 6 0 23 17 53 68 
Fall-winter 12 12 
TOTAL 3143 3007 136 70 22 6 0 86 80 53 123 
1972-1974 
Spring 4600 4454 146 63 40 0 0 103 103 20 83 
S;z.-J..":ler u454 4165 289 57 3 20 1 80 60 216 272 
.... 
Fa.:l-·winter 34 34 .... 
GRA.:ID TOTAL 9054 8619 435 154 43 20 1 183 163 236 389 .... 
Table 27. A summary of data for herd 7. 
Yeer Lamb counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
aLd On Off lamb predatory losses losses eve lamb from predatory predatory 
Season losses lamb from from losses losses known losses lamb 
losses natural unknown causes losses 
causes causes 
1972 
Spri!lg 1782 1742 40 10 0 0 0 10 10 14 24 
SU:J::ler 1742 1615 127 7 11 3 0 21 18 56 63 
Fall-l.-inter 0 
TOTAL 3524 3357 167 IT 11 3 0 31 28 70 87 
1973 
Spring 1698 1637 61 14 20 0 0 34 34 13 27 
S'JI:::!er 1637 1523 114 9 4 0 1 13 13 51 60 
Fall-winter 1 1 
TCTAL 3335 3160 175 24 24 0 1 47 47 64 88 
1974 
Spring 1668 1648 20 0 15 0 0 15 15 2 2 
Su=!r:ler 1648 1497 151 17 21 0 1 38 38 58 75 
Fall-winter 6 6 
TOTAL 3316 3145 171 23 36 0 1 53 53 60 83 
1972-1974 
Spring 5148 5027 121 24 35 0 0 59 59 29 53 
SU!n!Iler 5027 4635 392 33 46 3 2 72 69 165 197 
Fall-winter 7 7 
.... GRAIlD TOTAL 10175 9662 513 64 81 3 2 131 128 194 258 .... 
N 
Table 28. A summary of data for herd 8. 
Year La:!!b counts Total Verified Lamb La .. nb Predatory Observed Losses Speculative Total 
a.."ld On Orf lamb predatory losses losses ewe 18.I:lb from predatory p::-edatory 
Season losses lamb from from lo:::ses losses known losses lamb 
losses natural unknown causes :.osses 
causes causes 
1972 
Spring 1652 1582 70 4 3 0 0 7 7 14 18 
St=er 1582 1516 66 1 0 12 0 13 1 39 40 
Fall-lor-inter 0 
TDTAL 3234 3098 136 5 3 12 0 20 8 53 !'i8 
1973 
Spring 1380 1340 40 2 37 0 0 39 39 0 2 
S-.=.mer 1340 1306 34 8 5 0 0 13 13 0 8 
Fall-lo-inter 2 2 
TOTAL 2720 2646 74 12 42 0 0 52 52 0 12 
1974 
Spring 1315 1301 14 1 13 0 0 14 14 0 1 
Su..."'l:l'ler 1301 1272 29 2 27 0 0 29 29 0 2 
Fall-winter 2 
TOTAL 2616 2573 43 5 40 0 0 43 43 0 3 
1972-1974 
Spring 4347 4223 124 7 53 0 0 60 60 14 21 
Sur=:ler 4223 4094 129 11 32 12 0 55 43 39 50 t-& 
Fall-winter 4 2 .... w 
GR&1D TOTAL 8570 8317 253 22 85 12 0 115 103 53 73 
Table 29. A summary of data for herd 9. 
Year LB.I:lb cOlIDts Total Verified Lamb Lamb Predatory Observed Losses Speculative Tctal 
and On Off lamb predatory losses losses eve lamb from predatory predatory 
Season losses lamb from from losses losses known losses lamb 
losses natural unknown causes losses 
causes causes 
1972 
Spring 
-----------------------------------------------no data--------------------------------------------------
Su::mer 1679 1622 57 14 5 13 0 32 19 29 43 
Fall-winter 
'IOTAL 57 14 5 13 0 32 19 29 43 
1973 
Spring 1408 1353 55 0 55 0 0 55 55 0 0 
Su:::l!ler 1353 1322 31 15 15 0 0 30 30 1 16 
Fall-winter 0 
TOTAL 2761 2675 86 15 70 0 0 85 85 1 16 
1974 
Spring 1094 1075 19 0 19 0 0 19 19 0 0 
Summer 1075 1000 75 36 10 0 1 46 46 22 32 
Fall-winter 0 12 12 
TOTAL 2169 2075 94 48 29 0 1 65 65 22 44 
-1972-1974 
Spring 74 0 79 0 0 92 79 0 0 
Summer 163 65 25 13 1 90 90 51 91 
Fal1-vinter 12 12 ..... 
GRAND TOTAL 237 77 104 13 1 182 169 51 103 f-I ~ 
"Table 30. A summary of data for herd 10. 
Year L~b counts Total Verified Lamb Lamb Predatory Observed Losses Speculative Total 
and On Ofr lamb predatory losses losses ewe la.:nb from predatory predatory 
Season losses lamb from from losses losses known losses 18.!:l.b 
losses natural unknown causes losses 
causes causes 
1972 
Spring 
--------------------------------------------
no data 
------------------------------------------------
1500 - 1350 150 20 20 20 121 141 S~er 0 0 0 
Fa.ll-.... ~nter 23 23 
TOTAL 150 43 0 0 0 20 20 121 164 
1973 
Spring 2400 2275 125 25 9 0 0 34 34 36 61 
S1..1I:Xler 1400 1200 200 13 2 0 0 15 15 173 186 
Fall-winter 0 0 
TOTAL 3800 3475 325 38 11 0 0 49 49 209 247 
1974 
Spring 1000 850 150 6 100 0 0 106 106 16 22 
SU!I'lmer 850 750 100 54 4 0 3 58 58 36 90 
Fall-winter 0 
'ID'I'AL 1850 1600 250 60 104 0 3 164 164 52 112 
1972-1974 
Spring 275 31 109 0 0 160 160 52 83 
SUI:lI!l.er 450 87 6 0 3 73 73 330 417 
Fall-winter 23 ~ ,..., 
GPAND TO'I'AL 725 141 115 0 3 233 233 382 500 \J1 
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